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Summary

An experimental investigation of tile aerodynamic
characteristics of thin, moderately swept fighter

wings has been conducted to evaluate the effect of
camber and twist oll the effectiveness of leading-

and trailing-edge flaps at supersonic speeds in the
Langley Unitary Plan Wind _lSmnel. Tile study ge-

ometry consisted of a generic fuselage with camber

typical of advanced fighter designs without inlets,

canopy, or vertical tail. The model was tested with
two wing configurations an uncambered (fiat) wing
and a cambered and twisted wing. Each wing had

an identical clipped delta planform with an inboard

leading edge swept back 65 ° and an outboard leading
edge swept back 50 ° . The trailing edge was swept for-

ward 25 ° . Tile leading-edge flaps were deflected -4 ° ,

-2 ° (cambered wing only), 0 °, 5 ° , 10 °, and 15 °, and

the trailing-edge flaps were deflected -30 ° , -20 ° ,

-10 °, 0 °, and 10 °. Experimental testing was con-
ducted at. Mach numbers of 1.60, 1.80, 2.00, and 2.16

for an angle-of-attack range of -4 ° to 20 °.

The addition of wing camber and twist had a

significant effect on the longitudinal aerodynamic
characteristics. Without leading- or trailing-edge

flap deflections, the uncaInbered wing had a lower

mininmm drag and a lower drag due to lift at low
lift coefficient than the caInbered wing. Camber and
twist also decreased the lift and increased the zero-

litt pitching-monmnt coefficient (Cm,o), but it had no

significant effect on lift-curve slope or stability level.

Leading-edge flap deflection typically increased

drag. The increment in drag per degree of leading-

edge flap deflection increased as the deflection angle
increased and was higher for the cambered wing
than for the uncambered wing. However, at the

higher lift conditions tested, the data showed that
a drag reduction occurred when leading-edge flaps
were deflected 5 ° on the uncambered wing.

The trailing-edge flap effectiveness for pitching
moment and minimum drag were smaller for the

cambered wing than for the uncambered wing. De-

spite the reduced pitch-control effectiveness, the shift

in Cm,o caused by the addition of camber and
twist resulted in smaller flap deflections required to

trim. Tile net result was a lower drag coefficient at
trimmed condition on the cambered wing than on the

uncanfl)ered wing for lift coefficients greater than 0.1.

Introduction

Today's military combat aircraft nmst satisfy a

wide range of requirements and perform a variety of

roles efficiently over an extensive flight envelope. The
number of design points (i.e., the spread in Mach

number and lift) makes the choice of wing shape and
size for a combat aircraft less clear than for a civil

transport, and inevitably a compromise is evolved.

One of those design compromises is the use of

wing camber and twist for reducing cruise drag.

A wing camber design based upon a subsonic de-

sign point is typically quite different from the cam-
ber surface based on supersonic design criteria.

The subsonic-based camber surface has significantly

greater curvature than the supersonic design. At
subsonic speeds lift can be produced more efl:iciently

and drag may be reduced by spreading the upper
surface suction more evenly over the cambered wing

(ref. 1). However, at the supersonic cruise point
(low lift), a significant drag penalty due to wing

camber usually occurs (ref. 2). The disadvantage
of camber at high speed/low lift may be offset by

the performance benefit achieved at both low speed

and high speed/high lift as well as a possible redueed
trim-drag penalty at supersonic speed. The dis-

advantage of extreme camber at supersonic speed

may also be reduced by using leading-edge flaps de-

flected upward to reduce wing camber at certain
conditions.

Wings that achieve variable camber by utilizing

leading- and trailing-edge devices are being consid-

ered for high-performance aircraft to meet the severe

aerodynamic requirement of efficient cruise across a
broad Mach number range as well as increased high-

angle-of-attack maneuverability. The primary pur-

poses of leading- and trailing-edge devices are both to
improve the lift-drag ratio by controlling the flow on

the wing upper surface so that. drag is minimized t_y
maintaining attached-flow conditions and to control

the pitching moment over a range of lift conditions.

Leading- and trailing-edge flaps are typically utilized
on production aircraft, primarily at subsonic and

transonic speeds, to decrease drag due t.o lift. and thus
increase the maxinmm lift-drag ratio (refs. 3 and 4).

However, previous studies conducted on uncambered

wings indicate that aerodynamic performance bene-
fits can also be obtained by employing leading-edge

flaps at supersonic speeds (refs. 5 and 6).

A cooperative wing design program has been es-
tablished between NASA and General Dynamics.

The purpose of this program is to evaluate at
supersonic speeds the effect of camber as well as
the effectiveness of leading- and trailing-edge flaps

on moderately swept, fighter wings designed to meet

a broad spectrum of performance goals. In sup-

port of this program, an experimental investiga-
tion of the aerodynamic performance of leading- and

trailing-edge flaps on two wings (an uneambered wing
and a cambered wing with both having the same



planformandairfoil thicknessdistribution)hasbeen
conductedin the LangleyUnitary PlanWindTun-
nelat Maehnumbersfrom1.60to 2.16.Thispaper
presentsthe resultsof the investigationof leading-
and trailing-edgeflapson clippeddeltawingswith
andwithoutwingcamberat supersonicspeeds.

Symbols and Abbreviations

All longitudinal aerodynamic coefficients are ref-

erenced to the stability axis system. The moment

reference center is located 21.13 in. from the nose,

which corresponds to 35 percent of the wing mean
aerodynamic chord.

BL

b

CD

CD,min

CD,trim

ACD

/kCD//kCL 2

ACD,min/ I_LEI

z2_CD,min/16"tEl

CL

ACL

ACLla_o/ t6TEI

OCL/Oc_

C7_

CWt,O

/',Cm,o/ I6TEI

OCm/OCL

C

FS

butt line

wing span, 24.86 in.

drag coefficient, Drag/qS

minimum drag coefficient.

drag coefficient at trimmed
condition

change in drag coefficient from

value for minimum drag

drag polar shape factor

leading-edge flap-effectiveness

parameter on mininmm drag

trailing-edge flap-effectiveness

parameter on minimum drag

lift coefficient, Lift/qS

change in lift coefficient from

vahle for nfinimum drag

trailing-edge flap-effectiveness

parameter on lift at a = 0°

lift-curve slope at c_ = 0°

pitching-moment coefficient,

Pitching moment/qS_

zero-lift pitching-moment
coefficient

trailing-edge flap-effectiveness

parameter on zero-lift pitching
moment

longitudinal stability at _ = 0°

local chord length, in.

reference chord, 15.747 in.

fuselage station

L/D

M

MRC

q

s

t

X(!

x/t

Y

Z

OL

_LE

OTE

bTE,trim

lift-drag ratio

free-stream Mach number

moment reference center

dynamic pressure, psi

wing reference area, 2.25 ft 2

airfoil thickness, in.

streamwise distance from leading
edge of local chord, in.

fraction of wing length from wing
leading edge at exposed root

chord (length of exposed root

chord, 22.29 in.)

lateral distance from model

centerline, in.

vertical distance, positive up, in.

angle of attack, deg

streamwise leading-edge flap

deflection, positive when leading
edge is down, deg

streamwise trailing-edge flap

deflection, positive when trailing
edge is down, (leg

streamwise trailing-edge flap

deflection needed for trim, (leg

Model Description

The model, shown installed in the Langley Uni-

tary Plan Wind Tunnel (UPVVT) in figure 1, has

a generic fllselage without inlets, canopy, or verti-

cal tail. The model can be tested with two wing

configurations an uncambered wing and a caln-
bered wing. Both wings are configured with the same

planform (fig. 2(a)) and airfoil thickness distribution

(table I). The nmximmn thickness is 4.5 percent of
the local chord located at 40 percent. The wing air-
foil definition is an NACA 64A004.5 section from

the leading edge to the 40 percent chord line and

a biconvex section from the 40 percent chord line

to 100 percent of the chord length, as shown in fig-
ure 2(b). Table II contains the dimensionless surface

ordinates for the cambered wing. The wings have a

clipped double-delta planform with the leading edge

swept back 65 ° and the outboard leading edge swept
back 50 ° . The trailing edge is swept forward 25 ° .

The wings were designed for typical advanced

fighter performance requirements. By using lin-

ear theory methodology as described in reference 7,
the cambered wing was derived for optimal tran-

sonic maneuver performance and efficient supersonic



cruisewith minimumtrim-drag requirement. Its
t)roadspe(:trunlof tmrfornlaneegoalsincludessus-
tained trallSOlliC and SllpersolliC lllallellVer perfor-

mance while minimizing acceleration penalties. The

multipoint design criteria for the cambered wing
were achicwed by designing a series of wing camber
surfa.ces for different lift and Maeh mmfl)er condi-

tions and then by evaluating the designs over the

flight envelope. In order to meet the t)erformanee

goab;, a wing camber based upon a lift. coefficient
of 0 10 and a Math numl)er of 1.5 was selected.

It. should t)e noted that the selection was based

Ul)(m an overall mission perforntanee criterion and

not upon aerodynmnie performance at specific flight
conditions.

Test Description

The tests were conducted in the low Math nun>

bet test section of the Langley UPWT, which is

a wu'iable-pressure, continuous-flow facility (ref. 8)
at Maeh tmmt)ers of 1.60, 1.80. 2.00, and 2.16

and stagnation pressures of 454.8, 455.5, 448.5.

and 438.8 psf, respectively. The Reynolds number
was 2.0 × 106 per foot and the stagnation tempera-

ture was held constant at 125°F throughout the test.

The tmmel dew t)oint was held sufficiently low to

prevent any significant c(m(lensation effects.

Transition-inducing strips consistiug of No. 60

grit were located 1.2 in. aft of the fllselage llOSe

and 0.1 in. aft. (streamwise) on both the upper and

lower wing sm'faccs of the wing leading edge. To

ensure fully turtmlent t)oundary-layer flow over most
of the model at all test eoiMitions, the grit size

and location were selected according to tit<, methods
discttssed in ref(,r(.llees .() to 11.

An internally inounted, six-eolnl)oIlellt, strain-

garlge })alaiice was used to llleasllro model forces

and moments. Based on the manufacturer's stated

accm'acy for the tmlance used. C D, C L, and C., are
estimated tol)eaccurate towithin ±0.0004, ±0.0035.

and +0.0006, respectively,or 0.5 I)ercentof fullscale.

llel)eat t)oints taken for this test in(tieate that el),

eL, and C,, generally ret)ea.te(t within 0.0001, 0.0015,
and 0.0001. resi)eetively. The model angle of attack

ranged from 4° to 20 °. The leading-edge flaps were
tested for deflections of 0° to 15 ° in increnmnts of 5°

for 1)oth wings and additionally for deflections of -4 °
and -2 ° for the cambered wing. Tire trailing-edge

flaps were tested from -30 ° to 10° in 10 ° inereInents.

The angles of attack were correete(lfor tmmel

fh)w angularity and for model support sting and
1)alance (tefleetions resulting from aerodynainic loads

on the model. Chanflmr pressllres were measured

continuously throughout the test hy means (rf tubes

within the balance ehaml)er routed along the sting

to pressure transducers located outside the tunnel.

These pressures were used to correct the force data
to a condition that wouht exist if free-streanl static

pressure acted within tit(' fuselage cavity.

Experimental Results

As indicated earlier, tile purpose of this s| udy was
to evaluate the el[eel of camber as well as the effec-

tiveness of leading- and Irailing-edgc flaps at srrt)er-

sonic speeds. The longitudinal aerodynamic ('hara('-

teristics of both wings with no flap deflections will
be discussed first. This wilt be followed by a discus-

sion of tire etDetiveness of the leading- and trailing-

edge flap deflections on both wings. A complete list-

ing of the force and moment data is presented in

appendix A.

Aerodynamic Characteristics With No

Flap Deflection

The hmgitudinal aerodynamic characteristics fl)r
the unca.mt)ere(1 and eamhered wings with n(r leading-

and tra.iling-edge flat) (tefle('tions at lh(' four test

Mach munt)ers are shown in figure 3. The drag
data for M = 1.60 show that the eaml)ered wing has

higher drag than the uncamber('d wing for low lift
coefficients (CL < 0.2). (See fig. 3(a).) At at)ore

('L = 0.2 a. crossover in the (h'ag oe('m's, an(t at

higher lift coefficients the cambered wing has lower

drag. The maximum L/I) is higher for the cambered
wing than for the uncambered wing and this oe('urs

at CL- 0.25. The pitching-moment and lift data
for :_i = 1.60 are shown in figure 3(a). The data

show that both wings have about the same lift-('urve

slope and stal)ility level and that the variation in (7 L
and Cm remains essentially linear throughout tlw test

angle-of-attack range. The addition of calnt)er and

twist: to the wing results in air increase in the zero-lift

pitching moment, and for a given angle of attack this
results in a decrease in lift for tim cambered wing.

As the Math numt)er increases, the minimum C L

at which improved aerodynamic performance results
from the caroller increases and tire magnitude of
this incremerR decreases. At AI = 2.16 a crossover

occurs at CI. = ().35, and this results in (lilly a slight
improvement corot)areal with that of the micambered

wing. Camber eontinlles to provide a positive Cm.o

shift attd a negative CL shift.

To fltrth(,r evaluate the effect of camimr, the aero-

dynamic characteristics are presented as a flmetion
of Mach number in figure 4. Figure 4(a) shows a

comparison of the nfininmm drag (CD,min) and polar



shapefactor (ACD/ACL 2) over the range of Mach

numbers tested for both wings. Note that the po-

lar shape factor is an assessment of the drag due to

lift referenced from its minimum drag value to its

drag values at ACL ----0.1. The data show that both
the cambered wing and the uncambered wing have

nearly constant minimum drag over the entire Mach

number range. As previously shown, the uncambered

wing shows better performance, lower minimum drag

values, and lower drag due to lift at low lift compared

with that of the cambered wing.

The longitudinal stability level (OCm/OCL) and

lift-curve slope (OCL/O_) of the uncambered and
cambered wings as a function of Mach number are

presented in figure 4(b). The data show that both

wings are more stable at the lower Mach numbers
than at the higher Mach numbers, and that the

cambered wing is slightly more stable than the un-

cambered wing. The change in lift-curve slope with

Mach number is similar for both wings, as can be

seen in figure 4(b).

Vapor screen, tufts, and oil flow visualization data
were obtained with the uncambered wing. _I_fts
and oil flow data were used to examine the flow

characteristics on the upper wing surface. The flow

direction is determined by the alignment of the tufts
or the streaking of the oil. The vapor screen data

were used to obtain information on the shape and
location of vortices and shocks in the flow field above

the wing. The vapor screen photographs were taken
of the upper surface of the left wing panel at wing

locations of 30 percent and 60 percent of the exposed
root chord at a Mach number of 1.60 with the camera

behind the model looking upstream.

Tufts on the uncambered wing at M = 1.60 with

no leading- or trailing-edge flap deflections at angles
of attack of 0°, 4 °, 8 °, and 12° are shown in figure 5.

Figure 6 shows vapor screen photographs for the

uncambered wing without a leading- or trailing-edge
flap deflection at angles of attack of 4° , 8 ° , and 12 ° .

At an angle of attack of 0°, attached flow over the

wing is observed in the tuft photograph as indicated

by the smooth streamwise alignment of the tufts.
As the angle of attack increases to 4° , the flow

accelerates about the leading edge as indicated by

the slight inboard alignment of the tufts along the

leading edge. With further increases in angle of
attack, the acceleration about the leading edge or

crossflow recompresses as it turns streamwise. This
causes a crossflow shock. This shock can be seen

by the outward alignment of the tufts on the center
portion of the wing at a = 8°. The shock can also

be seen in the vapor screen photographs in figure 6

by the shading discontinuity on the center portion of

the wing at c_ = 8 °. Further increases in lift result in

shock-induced separation of the boundary layer and

the formation of a small separation bubble, which

may be seen as a small dark region on the wing upper

surface near the shock. The dark circular region on
the inboard portion of the wing at a = 12 ° is the

leading-edge vortex that forms at the inboard leading

edge and propagates streamwise close to the fuselage.

Leading-Edge Flap Deflection

The effect on drag of deflecting the leading-edge

flaps of the uncambcred and cambered wings is

shown in figures 7 and 8, respectively. Deflecting

the leading-edge flaps at supersonic speeds normally
does not provide a benefit in performance; however,

the data show that a drag reduction occurs for the

uncambered wing when the leading-edge flaps are de-

flected 5° at the higher lift conditions obtained for

this test at all Mach numbers tested (fig. 7). The as-
sumption was made that deflecting the leading edge

of the cambered wing upward (negative) might pro-
vide a drag reduction at low lift by eliminating some
of the drag due to camber. However, the data in fig-

ure 8 show that the upward leading-edge deflection

did not provide any significant drag reduction.

As was shown in figure 3, the aerodynamic char-

acteristics of the uncambered and cambered wings

are quite similar with the primary differences being
lower drag at low lift for the uncambered wing and

an increase in Cm,o for the cambered wing. Based
upon these differences, it was decided that appropri-
ate figures of merit for assessing leading- and trailing-

edge flap effectiveness were the increments in drag,

lift, and pitching moment per degree of flap deflec-

tion (flap-effectiveness parameters). This method of

presentation should allow for a direct comparison be-
tween the uncambered and cambered wings. All flap-

effectiveness data will be presented as the change in

the particular aerodynamic coefficient from the an-

deflected case divided by the absolute value of the
deflection angle.

Figure 9 shows the effectiveness on drag of the

leading-edge flap deflection over the Mach number

range at CD,mi n. No significant variation in the drag
increment with Mach number is observed; however,

the penalty in drag per degree of flap deflection is
considerably higher as the leading-edge flap deflec-

tion increases. Drag per unit of leading-edge flap

deflection is higher for the cambered wing than for

the uncambered wing at each deflection.

Trailing-Edge Flap Deflection

The effect of trailing-edge flap deflection on lift,
pitching moment, and drag for both wings is shown



ill figures10 12.Tile mainpurposeof trailing-edge
flapsfor this classof configurationis to affect,the
pitchingmomentto obtaintrim conditions.Ascan
beseenfromfigure10,negativeincrementsin flap
deflectionhavealargeeffectonthepitching-moment
curvein thepositivedirectionto producetrim. This
benefit,however,alwaysresultsinanincreasein drag
for constantlift. (Seefigs.11and12.)

Thetrailing-edgeflap-effectivenessparametersfor
theuncamberedandcamberedwingsovertheMach
numberrangeare shownin figure 13. The drag
penaltydecreasesslightlyasMachnumberincreases
with constanttrailing-edgedeflection.Thedata for
bothwingsshowthat a nonlinearlyincreasingdrag
incrementoccursper degreeof flapdeflectionwith
increasingdeflection.Thecambered-wingdatashow
a lowerdragpenaltyperdegreeof flapdeflectionfor
boththe -10° and-20° deflectionswhencompared
with that of the uncamberedwing. For a trailing-
edgedeflectionof -30°, bothwingshavecomparable
dragincrements.

Tileeffectof trailing-edgeflapdeflectiononlift at
c_ = 0° is presented in figure 13(b). In general, a loss

in lift results from trailing-edge flap deflection. The
uncambered- and cambered-wing data of figure 13(b)

show a reduction in lift loss with increasing Mach
number.

Tile change in tile zero-lift pitching moment for

the trailing-edge flap deflection is shown in fig-
ure 13(c). Tile flap effectiveness is smaller for

the cambered wing than for the uncambered wing.

For both wings, the effectiveness decreases with in-

creasing (more negative) flap-deflection angle; i.e., a
trailing-edge flap deflection of -10 ° has a higher ef-

fectiveness on pitching moment per degree of deflec-
tion than either a -20 ° or -30 ° deflection for both

wings. This difference, however, is not as significant
for the cambered wing as for the uncambered wing.

The data show that the increment due to flap deflec-

tion becomes smaller with increasing Mach number
for both wings.

Figure 14 presents oil flow and tuff photographs
of the upper surface of the uncambered wing with

a trailing-edge flap deflection of -30 ° at M = 1.60

and angles of attack of 4° , 8 ° , and 12 ° . The data

are presented here to show the reader the effect on

the flow resulting from a large trailing-edge flap de-
flection, but a detailed discussion of the flow charac-

teristics is not within the scope of this paper. The

data show a strong shock and shock-induced separa-

tion forward of the trailing-edge flap. Forward of the
shock, the flow is attached and well behaved at an an-

gle of attack of 4 ° . As angle of attack increases, the

flow characteristics over the wing become very com-

plex. Additional flow visualization data are included
in appendix B.

Trimmed Drag Data

Trimmed drag polars for tile cambered and un-

cambered wings are shown in figure 15 with no

leading-edge flap deflection. The figures also show"

the trailing-edge flap deflections needed for trim.

(The data were trimmed about the longitudinal loca-
tion of the 35-percent mean aerodynamic chord.) As

anticipated during wiug design, the cambered wing

needs a snlaller trailing-edge flap deflection than the
uncambered wing because of the positive shift in the

pitching moment even though the pitching-moment

effectiveness parameters were smaller for the cam-

bered wing. The net result is a lower trim-drag

penalty for the cambered wing. The cambered-wing

data show lower drag for all lift coefficients greater
than 0.1.

Concluding Remarks

An experimental investigation has been con-

ducted at supersonic speeds to evaluate the effect,

of camber and twist and the aerodynamic effective-

ness of leading- and trailing-edge flaps on both an un-
cambered wing and a cambered wing. The study ge-

ometry consisted of a 65o/50 ° clipped double-delta

wing with a trailing edge swept forward 25 °. Both

wings were attached to the same generic fllselage, and
both were configured with leading- and trailing-edge

flaps of identical planform. Experimental testing was
conducted in the low Mach number test section of tile

Langley Unitary Plan V_rind Tunnel at Math nmnbers
of 1.60, 1.80, 2.00, and 2.16 for an angle-of-attack

range of -4 ° to 20 ° .

The addition of wing camber and twist had a
significant effect on the longitudinal aerodynamic

characteristi{zs. Without leading- or trailing-edge

flap deflections, the uncambered wing had a lower

minimum drag and a lower drag due to lift at low
lift coefficient than the cambered wing. Camber and
twist also decreased the lift and increased the zero-lift

pitching-moment coefficient (Cm,o), but they had no

significant effect on lift-curve slope or stability level.

Leading-edge flap deflection typically increased

drag. The increment in drag per degree of leading-
edge flap deflection increased as the deflection angle

increased and was higher for the cambered wing

than for the uncambered wing. However, at the

higher lift conditions tested, the data showed that

a drag reduction occurred when leading-edge flaps
were deflected 5 ° for the uncambered wing.



The trailing-edge flap effectiveness for pitching

moment and minimum drag was smaller for the cam-

bered wing than for the uncambered wing. De-

spite the reduced pitch-control effectiveness the shift

in Cm,o caused by the addition of camber and twist

resulted in smaller flap deflections required to trim.

The net result was a lower drag coefficient at trimlncd

condition for lift on tile cambered wing than on the

uncambered wing for lift coefficients greater than 0.1.

NASA Langley Research Center

Hampton, '_5_ 23681-0001

,January 31, 1994
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Table I. Half-Thickness Ordinates for Uncambered

and Cambered Wings

t/c  c/cZc/C _ .

0.00

.50

.75

1.25

2.50

5.00
7.50

10.00

15.00

20.00
25.00

30.00

35.00

0.0000
.3703

.4485

.5663

.7691
1.0546

1.2703

1.4459

1.7232

1.9293
2.0799

2.1814

2.2379

40.00
45.00

50.00

55.00

60.00

I 65.00
70.00

75.00

80.00

85.00

I 90.00
95.00

100.00

2.2500

2.2120

2.1240

1.9970

1.8370
1.6520

1.4420

1.2130

.9730

.7320

.4910

.2510

.0100

Table II. Surface Ordinates for Cambered Wing

Values of z/c _r 2y/b of

xc/c 0.2321 0.4000 0.6000 0.8000 0.9996

0.0000

.0010

.0020

.0030

.0040

.0050

.0075

.0250

.0500

.7500

.1000

.1500
.2000

.2500

.3000

.3500

.4000
.4500

.5000

.5500

.6000

.6500

.7000

.7500

.8000
.8500

.9000

.95{)0

1.0000

-0.004976

-.004879

-.004782

-.004685
-.004588

-.O04491

-.004251

-.002638

-.000824
.000108

.000477

.000739

.000350

-.000378

-.001257

-.002165

-.003034
-.003852

-.004601

-.005319

-.006038
-.006806

-.007645

-.008603

-.009682
-.010860

-.012099

-.013317

-.014376

-0.009075

-.008952

-.008829

-.008705
-.008583

-.008460

-.008153

-.006064

-.003453

-.001513
.000008

.002740

.005001

.006983

.008794

.010506

.012127

.O13699

.015190

.016602

.017913

.019095

.020126

.020998

.021709

.022251

.022662

.022974

.023235

-0.015460

-.015313

-.015166

-.015019
-.014873

-.014726

-.014359

-.011841

-.008549
-.005804

-.0O3397

.001164

.005276

.009057

.012589

.015900

.019002

.021923

.024665

.027206

.029558

.031719

.033671

.035412

.036954

.038275

.039287

.040308

.041050

-0.026828

-.026662

-.026497

-.026332
-.026166

-.026001

-.025588

-.022744

-.018966
-.015703

-.012765

-.007173
-.002092

.002590

.006911

.010903

.014584

.017966

.021047

.023839

.026340

.028542

.030463

.032085

,033416

.034438

.035196

.035601

.035722

-0.098765

-.098570

-.098374

-.098179
-.097984

-.097789

-.097301

-.093908

-.089214
-.084792

-.080552

-.072251
-.064139

-.056168

-.048306

-.040545

-.032833
-.028312

-.017840

-.010459
-.003167

-.OO4024

-.011106

-.018097

-.024969
-.031740

-.038392

-.044933

-.051355



(a)Uncamberedwing.
L-88-3628

(b) Cambered wing.
L-88-03670

Figure 1. Generic fighter models installed in the Langley Unitary Plan Wind Tunnel.



Wing area ..............

Aspect ratio ...........
Taper ratio .............

Glove root chord .....

Airfoil .......................

f

2.25 ft 2

1.9078

27.052 in. // \ \ o
NACA 64A004.5/ 150°// _ 25_

Biconvex BL4 15_

BE 3.90" _ ,A_,'- _-_--_Jr_- 2.86
._--.----._' e_ _ ,,,.,.n'.., '_'---- 1.83

_______- 21A3 _) I BL0.0
i _ _ 3,.,_&62,,-I

FS0.0 I_ _133,50
I I_L_\ /--/15_6_

FS 1_0:36 I 1FS11_ /_7/32.17

FS 14.81

I -_k-.51
-. FS FS

24.98 27.70

(a) Thre¢_-vicw sketch.

Figure 2. Generic fighter model and wing. All dimensions are given in inches unless otherwise indicated.

/

.4c
NACA 64A004.5 _ Biconvex

(b) Planform drawing with airfoil sections and definition.

Figure 2. Concluded.
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Figure 3. Longitudinal aerodynamic characteristics of cambered and uncambered wings with _LE = O° and
(_TE = 0°'
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Figure 4. Summary plots with _LE = 0° and 6TE = 0°.
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x/l = 0.30

x/l = 0.90

(a) _ = 4°.

Figure 6. Vapor screen flow visualization for uncambered wing with ¢SLE = 0° and OTE = 0° at M = 1.60.
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Figure 6. Continued.
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(c) _ = 12 °.

Figure 6. Concluded.
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Figure 8. Effect on drag of leading-edge flap deflection on cambered wing with 5TE = 0°.
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Figure 9. Leading-edge flap-effectiveness parameters on minimum drag with _TE = 0%
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Figure 13. Trailing-edge flap-effectiveness parameters with _SLE = 0 °.
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Appendix A

Run Log and Data Listing

AppendixA presentsa completelistingof the forceandmomentdata.
listedbelow,andtableAI givesa run logfor thesubsequentdatalisting.

alpha
CA

CD

CL

CM

CN

angleof attack,deg

axial-forcecoefficient,Axial force/qS

dragcoefficient,Drag/qS

lift coefficient,Lift/qS

pitching-momentcoefficient,Pitchingmoment/qS_

normal-forcecoeffÉcient,Normalforce/qS

Thecomputersymbolsusedare

TableAI. RunLogfor DataListing

Streamwiseflapdeflection Tunnelrun at Machnumbersof__
5LE, deg 5TE, deg 1.60 1.80 2.00 2.16

Uncambered wing

00

5

10
15

0

!

10

-10
-20

-30

215

65

75

85
15

45

35
25

220
69

79

89

19

49
39

29

222

70

80

90
20

50

40

30

224

71
81

91

21

51
41

31

Cambered wing

0-4
-2

0

5

10

15
0 10

-10

-20

-30

221

226

161
143

153

157

109

123

119

115

230
227

166

147

154

158
111

127

120

116

223

228

169

148

155
159

112

128

121

117

225
229

170

149

156

160

113

129

122

118
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RUN

15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0
15.0

alpha
-3.09
-2.02
-1.09
-0.03

0.89
1.94
2.87
3.92
5.96
7.89
9.94

11.96
13.98
15.89

CL

-0.0707
-0.0217

0.0190
0.0634
0.1047
0.1485
0.1912
0.2368
0.3244
0.4074
0.4956
0.5781
0.6580
0.7326

CD
0.02745
0.02537
0.02491
0.02577
0.02781
0.03144
0.03609
0.04284
0.06062
0.08361
0.11454
0.15079
0.19306
0.23796

CM

-0.01375
-0.01797
-0.02144
-0.02570
-0.02910
-0.03333
-0.03707
-0.04136
-0.04993
-0.05877
-0.06878
-0.07846
-0.08807
-0.09826

L/D
-2.58
-0.86

0.76
2.46
3.76
4.72

5.30

5.53

5.35
4.87

4.33

3.83
3.41

3.08

CN

-0.0721

-0.0226
0.0185

0.O634

0.1051

0.1495
0.1927

0.2392

0.3289

0.4150
0.5079

0.5968

0.6852

0.7698

CA

0.0236

0.0246
0.0253

0.0258

0.0262

0.0264
0.0265

O.0266

0.0266

0.0269
0.0273

0.0277

0.0283

0.0283

RUN

19.0

19.0

19.0

19.0
19.0

19.0

19.0
19.0

19.0

19.0

19.0

19.0
19.0

19.0

19.0

alpha

-3.12
-2.22

-1.14

-0.15

0.84
1.83

2.80

3.85

5.84

7.83
9.86

11.85

13.85

15.80
17.79

CL

-0.0670

-0.0307
0.0107

0.0489

0.0861

0.1244
0.1618

0.2029

0.2795

0.3529
0.4288

0.4994

0.5696

0.6340

0.6974

CD

0.02615

0.02437

0.02363
0.02419

0.02600

0.02900

0.03312
0.03903

0.05431

0.07460

0.10082

0.13181
0.16844

0.20813

0.25311

CM

-0.01153

-0.01436

-0.01774
-0.02095

-0.02417

-0.02715

-0.03026
-0.03355

-0.04045

-0.04752

-0.05510

-0.06279
-0.07128

-0.07921

"-0.08741

L/D

-2.56

-1.26

0.45
2.02

3.31

4.29

4.89
5.20

5.15

4.73

4.25

3.79
3.38

3.05

2.76

CN

-0.0684
-0.0316

0.0102

0.0488
0.0865

0.1253

0.1632

0.2051
0.2836

0.3598

0.4397

0.5159
0.5933

0.6668

0.7414

CA

0.0225

0.0232
0.0238

0.0243

0.0247
0.0250

0.0252

0.0253
0.0256

0.0258

0.0259

0.0265

0.O272
0.0276

0.0280

RUN

20.0

20.0
20.0

20.0

20.0

20.0
20.0

20.0

20.0

20.0
20.0

20.0

20.0

20.0
20.0

20.0

alpha

-3.22

-2.21
-1.19

-0.25

0.82

1.79
2.79

3.84

5.81

7.84

9.82
11.77

13.74

15.81

17.80
19.80

CL

-0.0665

-0.0312

0.0036

0.0363
0.0741

0.1065

0.1417
0.1781

0.2451

0.3147

0.3806

0.4432

0.5051
0.5688

0.6275

0.6864

CD

0.02518

0.02323

0.02251

0.02291
0.02454

0.02710

0.03092

0.03621
0.04962

0.06849

O.09136

0.11855

0.15053
0.18904

0.23017

0.27688

CM

-0.01042

-0.01289

-0.01559

-0.01803
-0.02079

-0.02323

-0.02606
-0.02894

-0.03430

-0.04045

-0.04674

-0.05290

-0.05936
-0.06672

-0.07360

-0.08114

L/D

-2.64

-1.34

0.16

1.58

3.02
3.93

4.58

4.92

4.94

4.59
4.17

3.74

3.36

3.01
2.73

2.48

CN

-0.0678
-0.0321

0.0031

0.0362

0.0744

0.1073
0.1431

0.1801

0.2489

0.3211

0.3906
0.4581

0.5264

0.5988

0.6678
0.7396

CA

0.0214

0.0220

0.0226
0.0231

0.0235

0.0238
0.0240

0.0242

0.0246

0.0249

0.0251
0.0256

0.0263

0.0269

0.0273
0.0280
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RUN
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0
21.0

alpha
-3.29
-2.27
- 1.27
-0.28

0.74
1.70
2.75
3.78
5.72
7.72
9.72

11.73
13.73
15.73
17.70

CL

-0.0705

-0.0367

-0.0040

0.0281
0.0616

0.0940

0.1279

0.1605
0.2220

0.2867
0.3489

0.4114

0.4702

0.5294
0.5864

CD

0.02510

0.02306
0.02221

0.02243

0.02382

0.02613
0.02975

0.03447

0.04653
0.06357

0.08481

0.11135

0.14143

0.17663
0.21565

CM

-0.00988
-0.01209

-0.01431

-0.01648

-0.01870
-O.02100

-0.02340

-0.02581

-0.03056
-0.03593

-0.04157

-0.04750

-0.05322
-0.05943

-0.06568

L/D

-2.81

-1.59

-0.18
1.25

2.58

3.60

4.30
4.66

4.77

4.51
4.11

3.70

3.32

3.00
2.72

CN

-0.0718
-0.0376

-0.0045

0.0280

0.0619
0.0947

0.1292

0.1624

0.2255
0.2926

0.3582

0.4255

0.4903

0.5575
0.6242

CA

0.0210

0.0216

0.0221

0.0226
0.0230

0.0233

0.0236

0.0238
0.0242

0.0245

0.0247
0.0254

0.0258

0.0265

0.0271

RUN

25.0

25.0

25.0
25.0

25.0

25.0
25.0

25.0

25.0
25.0

25.0

25.0

25.0
25.0

alpha

-3.12

-1.96

-1.12

-0.09

0.97
1.95

2.89

3.94
5.89

8.01

9.93

11.88
13.93

15.96

CL

-0.2834

-0.2299

-0.1940
-0.1501

-0.1032

-0.0601

-0.0182
0.0265

0.1121
0.2011

0.2778

0.3580

0.4410

0.5215

CD

0.08360
0.07451

0.06940

0.06492

0.06169
0.06007

0.05965

0.06068

O.06708
0.08234

0.10112

0.12485

0.15444
O. 18945

CM

0.09205

0.08667

0.08337

0.07937
0.07554

0.07166

0.06796
0.06356

0.05544

0.04869

0.04250

0.03447
0.02507

0.01518

L/D

-3.39

-3.09

-2.79
-2.31

-1.67

-1.00
-0.31

0.44

1.67
2.44

2.75

2.87

2.86

2.75

CN

-0.2875
-0.2323

-0.1953

-0.1502

-0.1021
-0.0580

-0.0152

0.0306
0.1184

0.2106

0.2910

0.3761
0.4652

0.5535

CA

0.0680

0.0666

0.0656

0.0647
0.0634

0.0621

0.0605
0.0587

O.O552

0.0535
0.0517

0.0485

0.0437

0.0387
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RUN

29.0
29.0

29.0

29.0

29.0

29.0

29.0
29.0

29.0

29.0
29.0

29.0

29.0

29.0

29.0

29.0

alpha

-3.25

-2.25

-1.13

-0.12

0.85
1.85

2.85

3.89

5.79
7.84

9.85

11.87

13.80

15.85

17.78
19.85

CL

-0.2466

-0.2064

-0.1611

-0.1215
-0.0839

-0.0447

-0.0056
0.0348

0.1067

0.1850

0.2597

O.3332

0.4019

0.4755
0.5409

0.6062

CD

0.07791

0.07057
0.06411

0.05974

0.05678

0.05494
0.05454

0.05609

0.06224

0.07433
0.09013

0.11226

0.13796

0.16914

0.20325

0.24405

CM

0.07769
0.07381

0.06980

0.06609

0.06265

0.05914
0.05583

0.05286

0.04669
0.04028

0.03267

0.02569

O.01860

0.00947
0.O0111

-0.00686

L/D

-3.17

-2.92

-2.51

-2.03

- 1.48
-0.81

-0.10

0.62
1.71

2.49

2.88

2.97

2.91
2.81

2.66

2.48

CN

-0.2506

-0.2090

-0.1623

-0.1216
-0.0830

-0.0429

-0.0029

0.0385
0.1125

0.1934
0.2713

0.3492

0.4232

0.5036

0.5771

0.6531

CA

0.0638
0.0624

0.0609

0.0595

0.0580

0.0564
0.0547

0.0536

0.0512
0.0484

0.0444

0.0413

0.0381

0.0328

0.0283

0.0237



RUN
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0

RUN

31.0
31.0
31.O

31.0

31.0

31.0

31.0
31.0

31.0

31.0

31.0
31.0

31.0

31.0
31.0

RUN

35.0

35.0

35.0
35.0

35.0

35.0

35.0
35.0

35.0

35.0

35.0

35.0
35.0

35.0

alpha

-3.19
-2.24

-1.25

-0.20

0.75

1.76
2.76

3.84

5.77
7.73

9.80

11.78

13.78
15.72

17.76

19.78

alpha

-3.31

-2.31
- 1.2;3

-0.29

0.71
1.72

2.66

3.76
5.67

7.74

9.79

11.73

13.68
15.7,1

17.73

ali)ha

-3.14
-2.02

- 1.03

-0.13

0.91
1.96

2.97

:3.90

5.97
7.97

9.93

11.94

13.92
15.90

CL

-0.2209

- 0.1868

0.1513
-0.1136

-0.0788

-0.0432

-0.0063

0.0332
0.0990

0.1683

0.2385
0.3048

0.3704

0.4331

0. ,1949
0.55,11

CL

-0.1976

-0.16:33

- 0.1273
-0.0954

-0.0613

0.0276

0.0040
0.0416

0. 1040

0.1719
0.2390

0.',3013

0.3625

0.,1241
0.4830

CL

-0.2389

-0.1910

-0.1463
-0.1057

-0.0613

-0.0143

0.0271
0.0682

0.1577

0.2436

0.3260

0.4069
0.4891

0.5643

CD

0.07349
0.06713

O.O6171

0.05712

0.05413
0.05220

0.05154

0.05218

0.05815
0.06764

0.08202

0.10107

0.12498
0.15229

0.18522

0.22304

CD

0.07088

0.06440
0.05883

0.05505

0.05211
0.05039

0.04982

0.050,16
0.05549

0.06499

0.07979

0.097,12
0.11(.)39

0.14708

0.17897

CD

0.06029
0.05321

0.04832

0.04512
0.04287

0.04216

0.04291

0.04488
0.05407

0.06967

0.08965

0.11545

0.14703
0.18276

CM

0.06608

0.06301
0.05991

0.05642

0.05326

0.05007
0.04684

0.04337

0.03847

0.03240
0.02539

0.01866

0.01183

0.00490
-0.00142

-0.00700

CM

0.06009

0.05686
0.05354

0.05076

0.04754

0.04456
0.04160

0.03827

0.03307
0.02690

0.02088

0.01424

0.00773
0.00152

-0.00374

CM

0.07387

0.06909
0.06484

0.06105

0.05700
0.05250

0.04882

0.04471

0.03678

0.O2968
0.02147

0.01287

0.00378

-0.00589

L/D

-3.01

-2.78

-2.45
- 1 .!)9

-1.46

-0.83

-0.12

0.64
1.70

2.49

2.91

3.02
2.96

2.84

2.67
2.48

L/D

-2.79

-2.54

2.16
-1.73

-1.18

-0.55

0.08
0.82

1.87

2.65
3.00

;3.09

3.0,1

2.88
2.70

L/D

-3.96

-3.59

-3.03
-2.34

- 1.43

-0.34

0.63
1.52

2.92

3.50

3.64
3.52

3.33

3.09

CN

-0.2246
-0.1893

-0.1526

-0.1138

-0.0781
-0.0415

-0.0038

0.0366

0.1044
0.1758

0.2490

0.3190

0.3895
0.4582

0.5278

0.5969

CN

-0.201,1
0.1658

-0.1285

--0.0956

0.0606
-0.0261

0.0063

0.0-1,18
0.1089

0.17!) 1

0.24(.)1

0.3149
0.3805

0.1-181

0.51-15

CN

-0.2418
-0.1927

-0.1471

-0.1058
-0.0606

-0.0128

0.0293

0.0711
0.1625

0.2510

0.3366

0.4220

0.5102
0.5928

CA

0.0611

0.0598

0.058,1
0.0567

0.0551

0.0535

0.()518

0.0498
0.0479

0.04,1,1

0.0402
0.0367

0.0331

0.02(.)2

0.0254
().022,1

CA

0.0594

0.0578

0.0561
0.0546

0.0529

0.0512
0.049(i

().(),176

0.0450

0.0412

0.038()
0.0341

0.0303
0.0266

0.0234

CA

0.0471

0.0465
0.0457

0.0449

0.0438

0.0426
0.0414

0.0401

0.0374

0.0352

0.0321
0.0288

0.0250

0.0212
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RUN
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0
39.0

RUN
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0
40.0

40.0

40.0

RUN

41.0

41.0

41.0
41.0

41.0

41.0

41.0

41.0
41.0

41.0

41.0

41.0
41.0

41.0

41.0

41.0

alpha

-2.15
-1.14

-0.15

0.86
1.82

2.83

3.86

5.83

7.82
9.87

11.77

13.86
15.77

17.86

19.88

alpha

-3.19

-2.20
-1.19

-0.24
0.76

1.79

2.76

3.78

5.78
7.76

9.78

11.82
13.80

15.75

17.77

19.75

alpha

-3.26

-2.28

- 1.30
-0.25

0.76

1.76

2.74
3.71

5.75

7.68

9.70
11.75

13.76

15.75

17.69

19.77

CL

-0.1636

-0.1239

-0.0864
-0.0474

-0.0083

0.0301

0.0699
0.1452

0.2200

0.2956

0.3653
0.4381

0.5049

0.5734

0.6375

CL

-0.1801
-0.1446

-0.1095
-0.0765

-0.0408

-0.0041

0.0294
0.0650

0.1337

0.2006

0.2686
0.3370

0.4010

0.4617

0.5207

0.5756

CL

-0.1698
-0.1385

-0.1062

-0.0710
-0.0384

-0.0049

0.0276

0.0585
0.1244

0.1870

0.2497

0.3138

0.3760
0.4342

0.4895

0.5451

CD

0.04939

0.04487
0.04168

0.03975

0.03918

0.03979
0.04178

0.04949

0.06247
0.08068

0.10248

0.13112

0.16187
0.20069

0.24387

CD

0.05146

0.04606

0.04190
0.03908

0.03720

0.03650
0.O3702

0.03875

0.04565
0.05699

0.07324

0.09443

0.11933
0.14842

0.18288

0.22132

CD

0.04970

0.04465

0.04060
0.03747

0.03568

0.03495

0.03539

0.03681
0.04325

0.05356

0.06843

0.08828
0.11235

0.14044

0.17235

0.21111

CM

0.05597
0.05250

0.04914

0.04561
0.04220

0.03910

0.03546

0.02916
0.02280

0.01576

0.00865

0.00066
-0.00733

-0.01510

-0.02198

CM

0.04945
0.04642

0.04343

0.04074
0.03779

0.03472

0.03204

0.02921

0.02351
0.01786

0.01179

0.00512
-O.0O154

-0.OO77O

-0.01300

-0.01771

CM

0.04387

0.04145
0.03888

0.03608

0.03363

0.03110

0.02861
0.02624

0.02110

0.01602

0.01054
0.00454

-0.00160

-0.00691

-0.01125

-0.01509

L/D

-3.31

-2.76

-2.07
-1.19

-0.21

0.76
1.67

2.93

3.52

3.66
3.56

3.34

3.12
2.86

2.61

L/D

-3.50

-3.14

-2.61
-1.96

-1.10

-0.11

0.79
1.68

2.93

3.52

3.67
3.57

3.36
3.11

2.85

2.60

L/D

-3.42

-3.10

-2.62

-1.90
- 1.08

-0.14

0.78

1.59

2.88

3.49
3.65

3.55

3.35

3.09

2.84

2.58

CN

-0.1653

-0.1248
-0.0865

-0.0468

-0.0071
0.0320

0.0725

0.1495

0.2265
0.3051

0.3785

0.4568
0.5299

0.6073

0.6824

CN

-0.1827

-0.1463
-0.1103

-0.0767

-0.0403
-0.0029

0.0312

0.0674

0.1376
0.2065

0.2771

0.3492

0.4179
0.4847

0.5516

0.6166

CN

-0.1723

-0.1402
-0.1071

-0.0712

-0.0379

-0.0038

0.0292

0.0608

0.1281
0.1925

0.2577

0.3252

0.3920
0.4560

0.5188

0.5844

CA

0.0432

0.0424

0.0415
0.0405

0.0394

0.0382

0.0370
0.0345

0.0319

0.0288

0.0258
0.0224

0.0185

0.0152
0.0126

CA

0.0413

0.0405

0.0396

0.0388
0.0377

0.0366

0.0356

0.0344
0.0320

0.0294

0.0266
0.0234

0.0202

0.0175

0.0152

0.0138

CA

0.0400
0.0391

0.0382

0.0372

0.0362

0.0351
0.0340

0.0330

0.0306

0.0281

0.0254
0.0225

0.0197

0.0173

0.0154

0.0142



RUN
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0
45.0

RUN

49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0
49.0

RUN
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0
50.0

alpha
-3.10
-2.04
- 1.08
-0.07

0.97
1.96
2.99
3.87
5.93
7.95
9.98

11.94
13.86
15.95

alpha
-3.14
-2.20
-1.24
-0.16

0.81
1.87
2.82
3.83
5.82
7.85
9.81

11.89
13.81
15.82
17.79
19.79

alpha
-3.23
-2.24
-1.18
-0.23

0.77
1.82
2.80
3.74
5.80
7.76
9.83

11.83
13.82
15.76
17.83
19.79

CL

-0.1797
-0.1401
-0.0960
-0.0523
-0.0080

0.0352
0.0813
0.1199
0.2087
0.2956
0.3814
0.4605
0.5343
0.6141

CL
-0.1588
-0.1216
-0.0852
-0.0433
-0.0059

0.0351
0.0712
0.1103
0.1860
0.2626
0.3356
0.4085
0.4763
0.5438
0.6058
0.6684

CL

-0.1455
-0.1103
-0.0728
-0.0399
-0.0048

0.0312
0.0649
0.0980
0.1685
0.2357
0.3039
0.3676
0.4304
0.4895
0.5503
0.6053

CD

0.03749
0.03244
0.02888
0.02661
0.02572
0.02621
0.02828
0.03119
0.04243
0.05972
0.08329
0.11153
0.14416
0.18558

CD

0.03485
0.03055
0.02735
0.02509
0.02432
0.02477
0.02639
0.02937
0.03909
0.05433
0.07419
0.10034
0.12979
0.16495
0.20356
0.24818

CD

0.03312
0.02886
0.02562
0.02384
0.02303
0.02343
0.02496
0.02749
0.03665
0.05009
0.06898
0.09176
0.11911
0.15005
0.18740
0.22712

CM

0.04637
0.04242
0.03878
0.03472
0.03077
0.02691
0.02280
0.01915
0.01105
0.00290

-0.00550
-0.01343
-0.02114
-0.03027

CM

0.03676
0.03364
0.03065
0.02721
0.02411
0.02077
0.01774
0.01443
0.00826
O.0O156

-O.OO5O1
-0.01189
-0.01867
-0.02606
-0.03297
-0.O3919

CM

0.02985
0.02727
0.02450
0.02199
0.01918
0.01652
0.01387
0.01137
0.00583
0.00031

-0.00522
-0.01091
-0.01680
-0.02237
-0.02773
-0.03265

L/D
-4.79
-4.32
-3.32
-1.96
-0.31

1.34
2.88
3.85
4.92
4.95
4.58
4.13
3.71
3.31

L/D
-4.56
-3.98
-3.11
- 1.73
-0.24

1.42
2.70
3.76
4.76
4.83
4.52
4.07
3.67
3.30
2.98
2.69

L/D

-4.39

-3.82
-2.84

-1.68

-0.21
1.33

2.60

3.56

4.60
4.70

4.41

4.01

3.61
3.26

2.94

2.67

CN

-0.1815

-0.1412
-0.0965

-0.0523

-0.0076

0.0360
0.0827

0.1218

0.2120

0.3010
0.3901

0.4736

0.5533

0.6414

CN

-0.1604

-0.1227

-0.0857
-0.0434

-0.0056

0.0359
0.0724

0.1120

0.1890

0.2676
0.3434

0.4204

0.4935
O.5682

0.6391

0.7130

CN

-0.1472

-0.1114
-0.0733

-0.0400

-0.0045

0.0319
0.0661

0.0995

0.1713
0.2403

0.3112

0.3786
0.4464

0.5118

0.5812

0.6465

CA

0.0277

0.0274
0.0271

0.0266

0.0258

0.0250

0.0240
0.0230

0.0206

0.0183

0.0160
0.0138

0.0119

0.0097

CA

0.0261

0.0259

0.0255
0.0250

0.0244

0.0236

0.0228
0.0219

0.0200

0.0180
0.0159

0.0141

0.0124

0.0104
0.0087

0.0072

CA

0.0249

0.0245
0.0241

0.0237

0.0231

0.0224

0.0218
0.0210

0.0194

0.0178
0.0160

0.0145

0.0129

0.0115

0.0099
0.0088
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58

RUN

51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0
51.0

RUN

65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0
65.0

RUN

69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0
69.0

alpha
-3.32
-2.26
-1.25
-0.24

0.68
1.67
2.77
3.70
5.77
7.76
9.78

11.75
13.72
15.77
17.74
19.72
-0.25

alpha
-3.07
-2.13
-1.07
-0.03

0.96
1.95
2.94
3.97
6.00
7.97

9.93
11.97

13.94

15.96

alpha

-3.16

-2.14

-1.22
-0.08

1.82

2.77

3.77

4.84

5.77
7.83

9.78

11.85

13.75
15.85

17.81

19.83

CL

-0.1394

-0.1045

-0.0709

-0.0387
-0.0080

0.0238

0.0601

0.0909
0.1571

0.2199

0.2828

0.3426
0.4017

0.4618

0.5162
0.5702

-0.0382

CL

-0.1359

-0.0943

-0.0470
-0.0041

0.0401

0.0823

O. 1255
0.1689

0.2565

0.3406
0.4228

0.5078

0.5857
0.6616

CL

-0.1245

-0.0851
-0.0481

-0.0046

0.0674
0.1054

0.1436

0.1852

0.2201

0.2962

0.3680

0.4425
0.5111

0.5821
0.6460

0.7097

CD

0.03238

0.02800
0.02502

0.02319

0.02246
0.02269

0.02421

0.02659

0.03526

0.04793
0.06522

0.08642

0.11198

0.14302
0.17633

0.21476

0.02325

CD

0.02703
0.02315

0.02028

0.01904

0.01928
0.02085

0.02381

0.02820

0.04141

0.06009
0.08444

0.11599
0.15225

0.19444

CD

0.02662
0.02277

0.02043

0.01902
0.02030

0.02271

0.02641

0.03185

0.03769
0.05457

0.07563

0.1 O338

0.13397

0.17256
0.21346

0.26053

CM

0.02571

0.02334

0.02106

0.01867

0.01663
0.01431

0.01191

0.00974

0.00492
0.00002

-0.00490

-0.00982

-0.01478
-0.01980

-0.02424

-0.02861

0.01889

CM

0.O1517

0.01110

0.00660
0.00245

-0.00149

-O.OO501

-0.00875

-0.01237
-0.01988

-0.02727

-0.03538

-0.04376
-0.05186

-0.06035

CM

0.01152

0.00833

0.00517
0.00142

-0.00452

-0.00736
-0.01046

-0.01357

-0.01634

-0.02269

-0.02902

-0.03607
-0.04291

-0.05058

-0.05758

-0.06437

L/D

-4.31

-3.73

-2.83
-1.67

-0.35

1.05

2.48
3.42

4.45

4.59

4.34
3.96

3.59

3.23

2.93
2.65

- 1.64

L/D

-5.03

-4.07
-2.32

-0.22

2.08

3.95
5.27

5.99

6.19

5.67

5.01
4.38

3.85
3.40

L/D

-4.68

-3.74
-2.36

-0.24

3.32
4.64

5.44

5.81

5.84

5.43

4.87
4.28

3.81

3.37
3.03

2.72

CN

-0.1410
-0.1055

-0.0714

-0.0388

-0.0077
0.0245

0.0612

0.0924

0.1598

0.2243
0.2898

0.3531

0.4168

0.4833
0.5454

0.6092

-0.0383

CN

-0.1372
-0.0950

-0.0473

-0.0041
0.0405

0.0830

0.1265

0.1704
0.2594

0.3456

0.4310

0.5208
0.6051

0.6896

CN

-0.1258
-0.0859

-0.0486

-0.0046
0.0680

0.1063

0.1451

0.1872

0.2228

0.3009
0.3755

0.4543

0.5283
0.6071

0.6803

0.7560

CA

0.0243

0.0238

0.0235

0.0230
0.0225

0.0220

0.0213

0.0207
0.0193

0.0178

0.0162

0.0148

0.0135
0.0121

0.0107

0.0098

0.0231

CA

0.0197

0.0196

0.0194
0.0190

0.0186

0.0180

0.0173
0.0164

0.0144

0.0123

0.0103
0.0082

0.0066

0.0050

CA

0.0197

0.0196

0.0194

0.0190
0.0182

0.0176

0.0169

0.0161
0.0154

0.0137

0.0120

0.0103

0.0086
0.0070

0.0057

0.0044



RUN

70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0
70.0

RUN

71.0
71.0

71.0

71.0

71.0
71.0

71.0

71.0

71.0
71.0

71.0

71.0

71.0
71.0

71.0

71.0

RUN

75.0

75.0

75.0
75.0

75.0

75.0

75.0
75.0

75.0

75.0

75.0

75.0
75.0

75.0

alpha

-3.19
-2.15

-1.21

-0.17

0.75

1.78
2.82

3.87

5.84

7.78

9.84
11.85

13.82

15.79

17.75

19.84

alpha

-3.32

-2.28
-1.28

-0.26

0.71

1.67
2.75

3.68

5.75

7.72
9.76

11.70

13.71

15.76
17.74

19.71

alpha

-3.03

-2.03

-1.08

-0.09
0.98

1.90

2.97

3.99
5.90

7.89

9.95

11.94
13.92

15.96

CL

-0.1151

-0.0779

-0.0461

-0.0099
0.0230

0.0582

0.0938

0.1308
0.1978

0.2627

0.3328

0.3985

0.4596
0.5209

0.5796

0.6409

CL

-0.1155

-0.0814

-0.0490

-0.0156
0.0167

0.0482

0.0838

0.1129
0.1799

0.2428

0.3073
0.3659

0.4271

0.4882

0.5450
0.6013

CL

-0.1485
-0.1036

-0.0615

-0.0183

0.0288
0.0680

0.1155

0.1590
0.2409

0.3271

0.4108

0.4943

0.5722
0.6512

CD

0.02593
0.02219

0.02003

0.01877

0.01867
0.01980

0.02216

0.02581

0.03604

0.O5051
0.07094

0.09545

0.12342

0.15609
0.19312

0.23775

CD

0.02645

0.02275

0.02035

0.01902
0.01880

0.01965

0.02184

0.02469

0.03451
0.04809

0.06676

0.08838

0.11544
0.14774

0.18317

0.22315

CD

0.03248
0.02777

0.02476

0.02296

0.O2254
0.02354

0.02616

0.02997

0.04115
0.05879

0.08246

0.11164

0.14602

O.18756

CM

0.00863
0.00584

0.00335

0.00052

-0.00198

-0.00457
-0.00717

-0.00990

-0.01495

-0.01993
-0.02550

-0.03107

-0.03682

-0.04249

-O.04836
-0.05465

CM

0.00648
0.00418

0.00192

-0.00048
-0.00249

-0.00467

-0.00696

-0.00894

-0.01350
-0.01790

-0.02280

-0.02775

-0.03280
-0.03803

-0.04312

-0.04850

CM

0.01490
0.01028

0.00623

0.00203

-0.00233

-0.00625
-0.01043

-O.01454

-0.02138

-0.02823
-0.03561

-0.04377

-0.05166

-0.O6O19

L/D

-4.44

-3.51
-2.30

-0.53

1.23

2.94
4.23

5.07
5.49

5.20
4.69

4.18

3.72

3.34

3.00
2.70

L/D

-4.37
-3.58

-2.41

-0.82

0.89
2.45

3.84

4.57

5.21
5.05

4.60

4.14

3.70
3.30

2.98
2.69

L/D

-4.57
-3.73

-2.48

-0.80

1.28

2.89
4.42

5.30

5.85

5.56
4.98

4.43

3.92

3.47

CN

-0.1164

-0.0787

-0.0465

-0.0099
0.0232

0.0588

0.0948

0.1322
0.2004

0.2671

0.3400

0.4096
0.4758

0.5437

0.6109

0.6836

CN

-0.1168

-0.0823

-0.0494
-0.0157

0.0170

0.0488

0.0847
0.1142

0.1824

0.2471
0.3141

0.3762

0.4423

0.5099
0.5749

0.6414

CN

-0.1500

-0.1045

-0.0619

-0.0183
0.0292

0.0688

0.1167
0.1607

0.2438

0.3321
0.4188

0.5067

0.5905

0.6776

CA

0.0195

0.0192

0.0191

0.0187

0.0184
0.0180

0.0175

0.0169

0.0157
0.0145

0.0130

0.0116

0.0100
0.0085

0.{)072

0.0061

CA

0.0197

0.0195

0.0192

0.0189
0.0186

0.0182

0.0178

0.0174
0.0163

0.0150

0.0137
0.0124

0.0109

0.0096
0.0084

0.007:]

CA

0.0246

0.0241

0.0236

0.0229
0.0220

0.0213

0.0201

0.0188
0.0162

0.0133

0.0102
0.0070

0.0041

0.0012
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60

RUN

79.0
79.0
79.0
79.0

79.0
79.0

79.0

79.0

79.0
79.0

79.0

79.0

79.0
79.0

79.0

79.0

RUN

80.0

80.0

80.0
80.0

80.0

80.0

80.0
80.0

80.0

80.0
80.0

80.0

80.0
80.0

80.0

80.0

RUN

81.0

81.0

81.0
81.0

81.0

81.0

81.0

81.0

81.0
81.0

81.0

81.0
81.0

81.0

81.0

81.0

alpha

-3.23

-2.15

-1.21
-0.21

0.85

1.84

2.83

3.77
5.82

7.82

9.79

11.83
13.80

15.81

17.80

19.78

alpha

-3.25
-2.22

-1.24

-0.24

0.73

1.76
2.78

3.81

5.73
7.73

9.82

11.77
13.82

15.83

17.79

19.76

alpha

-3.29

-2.32

-1.29
-0.30

0.77

1.74

2.77
3.76

5.77

7.74

9.71
11.71

13.71

15.68
17.69

19.72

CL

-0.1367

-O.0943

-0.0589
-0.0210

0.0204

0.0575

0.0966

0.1318
0.2094

0.2853

0.3569

0.4304
0.5002

0.5696

0.6354

0.6989

CL

-0.1262

-0.0909

-0.0569

-0.0223
0.0110

0.0452

0.0814

0.1179

0.1830
0.2513

0.3193

0.3847
0.4499

0.5134

0.5749

0.6312

CL

-0.1224

-0.0915
-0.0594

-0.0266

0.0074

0.0383

0.0715
0.1034

0.1692

0.2309
0.2929

0.3554

0.4168

0.4761
0.5353

0.5938

CD

0.03240
0.02772

0.02495

0.02311

0.02259

0.02339
0.02535

0.02825

0.03853

0.05410
0.07421

0.10005

0.13012

0.16586
0.20610

0.25101

CD

0.03150

0.02741

0.02460
0.02286

0.02229

0.02280

0.02451

0.02752
0.03628

0.05015

0.06915

0.09192
0.12001

0.15245

0.18873

0.22917

CD

0.03139

0.02758
0.02475

0.02301

0.02235
0.02279

0.02434

0.02691

0.03554

0.04812
0.06499

0.08647

0.11237
0.14204

O. 17700

0.21698

CM

0.01113

0.00737

0.00422

0.00082
-0.00273

-0.00593

-0.00905

-0.01195

-0.01799

-0.02378
-0.02959

-0.03629

-0.04298
-0.05052

-0.05752

-0.06415

CM

0.00805

0.00523

0.00245
-0.00027

-0.00294

-0.00558

-0.00827

-0.01097
-0.01586

-0.02084

-0.02620
-0.03136

-0.03719

-0.04274

-0.04864

-0.05447

CM

0.00641

0.00404
0.00170

-0.00066

-0.00305
-0.00544

-0.00766

-O.O0993

-0.01441

-0.01891

-0.02343
-0.02815

-0.03304
-0.03810

-0.04305

-0.04860

L/D

-4.22

-3.40

-2.36
-0.91

0.90

2.46

3.81

4.67
5.43

5.27

4.81

4.30

3.84
3.43

3.08

2.78

L/D

-4.01

-3.32
-2.31

-0.98

0.49

1.98

3.32
4.29

5.04

5.01
4.62

4.19

3.75
3.37

3.05

2.75

L/D

-3.90

-3.32
-2.40

-1.16

0.33
1.68

2.94

3.84

4.76

4.80
4.51

4.11

3.71

3.35
3.02

2.74

CN

-0.1384

-0.0953

-0.0594
-0.0211

0.0207

0.0582

0.0977
0.1334

0.2122

0.2900

0.3643
0.4417

0.5168

0.5933

0.6680

0.7426

CN

-0.1278

-0.0919
-0.0575

-0.0224

0.0113
0.0459

0.0825

0.1195

0.1857

0.2558
0.3264

0.3954

0.4656
0.5355

0.6050

0.6715

CN

-0.1240

-0.0925

-0.0599

-0.0268
0.0077

0.039O

0.0726

0.1049

0.1719
0.2353

0.2996

0.3656

0.4316
0.4967

0.5638

0.6322

CA

0.0247

0.0242
0.0237

0.0230

0.0223

0.0215

0.0205
0.0195

0.0171

0.0148
0.0124

0.0097

0.0071

0.0044

0.0019
-0.0003

CA

0.0243
0.0239

0.0234

0.0228
0.0222

0.0214

0.0205

0.0196
0.0178

0.0159

0.0137

0.0115
0.0091

0.0066

0.0041

0.0022

CA

0.0243

0.0239

0.0234
0.0229

0.0223

0.0216

0.0209

0.0201
0.0183

0.0166

0.0146

0.0125
0.0104

0.0081

0.0060

0.0039



RUN
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0
85.0

RUN

89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0
89.0

RUN
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0
90.0

alpha
-3.12
-2.11
-1.12
-0.09

0.95
1.99
2.96
3.86
5.93
7.89
9.91

11.96
13.90
15.92

alpha
-3.14
-2.16
-1.15
-0.15

0.79
1.89
2.89
3.85
5.76
7.86
9.85

11.82
13.78
15.85
17.83
19.82

alpha
-3.21
-2.19
-1.18
-0.16

0.85
1.84
2.76
2.80
3.77
5.74
7.79
9.75

11.79
13.76
15.85
17.77
19.79

CL
-0.1618
-0.1181
-0.0748
-0.0268

0.0162
0.0602
0.1038
0.1416
0.2328
0.3161
0.4001
0.4829
0.5587
0.6379

CL

-0.1414
-0.1036
-0.0659
-0.0293

0.0056
0.0472
0.0848
0.1227
0.1964
0.2762
0.3492
0.4202
O.4899
0.5609
0.6274
0.6933

CL
-0.1314
-0.0977
-0.0639
-0.0293

0.0047
0.0384
0.0692
0.0707
0.1044
0.1712
0.2406
0.3077
0.3749
0.4387
0.5042
0.5625
0.6235

CD

0.03876
0.03362
0.03003
0.02774
0.02697
0.02767
0.02974
0.03270
0.04392
0.06004
0.08265
0.11128
0.14346
0.18280

CD

0.03757
0.03308
0.02978
0.02774
0.02692
0.02736
0.02897
0.03180
0.04084
0.05615
0.07544
0.09971
0.12863
0.16401
O.20297
0.24743

CD
0.03688
0.03256
0.02949
0.02745
0.02662
0.02688
0.02809
0.02811
0.03054
0.03872
0.05208
0.06939
0.09191
0.11824
0.15071
0.18442
0.22541

CM

0.01532
0.01092
0.00642
0.00167

-0.00255
-0.00697
-0.01107
-0.01483
-0.02305
-0.03041
-0.03730
-0.04469
-0.05225
-0.06047

CM

0.01080
0.00732
0.00384
0.00064

-0.00271
-0.00615
-0.00953
-0.01262
-0.01870
-0.02517
-0.03142
-0.03743
-0.04380
-0.05091
-0.05779
-0.06459

CM

0.00767

0.00495

0.00201

-0.00072
-0.00346

-0.00612

-0.00873

-0.00882

-0.01140
-0.01658

-0.02202

-0.02717

-0.03239
-0.03782

-0.04345

-0.04885

-0.05450

L/D

-4.17
-3.51

-2.49

-0.97

0.60
2.17

3.49

4.33

5.30
5.27

4.84

4.34

3.89
3.49

L/D

-3.76

-3.13
-2.21

-1.06

0.21

1.72

2.93
3.86

4.81

4.92

4.63
4.21

3.81

3.42

3.09
2.80

L/D

-3.56

-3.00

-2.17

-1.07
0.18

1.43

2.46

2.52

3.42
4.42

4.62

4.43

4.08
3.71

3.35

3.05

2.77

CN

-0.1637
-0.1192

-0.0754

-0.0269
0.0166

0.0611

0.1052

0.1435

0.2361
0.3214

0.4083

0.4955

0.5768
0.6636

CN

-0.1433

-0.1047

-0.0665
-0.0294

0.0060

0.0481

0.0861
0.1246

O. 1995

0.2813

0.3570
0.4317

0.5065

0.5844
0.6594

0.7361

CN

-0.1333

-0.0988

-0.0645
-0.0294

0.0051

0.0392

0.0705

0.0720

0.1062
0.1742

0.2454

0.3150

0.3857
0.4543

0.5262

0.5920

0.6630

CA

0.0299
0.0293

0.0286

0.0277
0.0267

0.0256

0.0243

0.0231

0.0196
0.0161

0.0125

0.0088

0.0050
0.0008

CA

0.0298

0.0291

0.0284
0.0277

0.0268

0.0258
0.0247

0.0235

0.0209

0.0178

0.0146
0.0115

0.0082

0.0046
0.0011

-0.0023

CA

0.0295

0.0288

0.0282
0.0274

0.0266

0.0256

0.0247

0.0246

0.0236
0.0214

0.0190

0.0163

0.0134
0.0105

0.0072

0.0039

0.0010
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RUN
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0
91.0

alpha
-3.29
-2.31
-1.26
-0.32

0.73
1.78
2.77
3.72
5.76
7.75
9.73

11.70
13.72
15.77
17.78
19.72

CL

-0.1293
-0.0982
-0.0660
-0.0359
-0.0030

0.0295
0.0619
0.0911
0.1558
0.2198
0.2824
0.3448
0.4065
0.4683
0.5279
0.5851

CD

0.03715
0.03311
0.02995
0.02799
0.02693
0.02699
0.02816
0.03016
0.03790
0.04996
0.06609
0.08637
0.11154
0.14160
0.17533
0.21298

CM

0.00592
0.00352
0.00095

-0.00119
-0.00348
-0.00589
-0.00828
-0.01028
-0.01505
-0.01965
-0.02444
-0.02913
-0.03398
-0.03884
-0.04385
-0.04893

L/D
-3.48
-2.97
-2.20
-1.28
-0.11

1.09
2.20
3.02
4.11
4.40
4.27
3.99
3.64
3.31
3.01
2.75

CN

-0.1312
-0.0995
-0.0667
-0.0360
-0.0026

0.0303
0.0632
0.0929
0.1588
0.2245
0.2895
0.3552
0.4213
0.4892
0.5562
0.6226

CA

0.0297
0.0291
0.0285
0.0278
O.O270
0.0260
0.0251
0.0242
0.0221
0.0199
0.0174
0.0146
0.0120
0.0090
0.0058
0.0031

RUN
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0
109.0

alpha
-2.86
-1.93
-1.07

0.98
1.75
2.65
3.49
5.27
6.90
8.67

10.42
12.12
13.82

CL

-0.1212
-0.0852
-0.0462

0.0429
0.0761
0.1156
0.1543
0.2290
0.2987
0.3753
0.4492
0.5203
0.5898

CD

0.04038
0.03668
0.03406
0.03213
0.03294
0.03501
0.03809
0.04766
0.06023
0.07840
0.10144
0.12870
O.16317

CM

-0.00222
-0.00560
-0.00920
-0.01726
-0.02022
-0.02376
-0.02699
-0.03360
-0.03995
-0.04688
-0.05410
-0.06222
-0.07046

L/D
-3.00
-2.32
- 1.36

1.34
2.31
3.30
4.05
4.81
4.96
4.79
4.43
4.04
3.61

CN

-0.1231
-0.0864
-0.0468

0.0435
0.0771
0.1171
0.1563
0.2324
0.3038
0.3829
0.4601
0.5358
0.6117

CA

0.0343
0.0338
0.0332
0.0314
0.0306
0.0296
0.0286
0.0264
0.0239
0.0209
0.0185
0.0166
0.0176

RUN

111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0
111.0

alpha
-2.58
-1.81
-0.92
-0.11

0.82
1.74
2.57
3.39
5.20
6.96
8.72

10.41
12.11
13.92
15.72
17.40

CL

-0.1026
-0.0740
-0.0384
-0.0064

0.0286
0.0654
0.0963
0.1286
0.1982
0.2645
0.3302
0.3917
0.4546
0.5197
0.5804
0.6381

CD

0.03592
0.03323
0.03114
0.03016
0.03002
0.03088
0.03256
0.03510
0.04378
0.05628
0.07257
0.09216
0.11650
0.14649
0.17926
0.21481

CM

-0.00238
-0.00481
-0.00759
-0.01031
-0.01332
-0.01619
-0.01886
-0.02134
-0.02689
-0.03228
-0.03793
-0.04348
-0.05024
-0.05761
-0.06450
-0.07144

L/D
-2.86
-2.23
-1.23
-0.21

0.95
2.12
2.96
3.66
4.53
4.70
4.55
4.25
3.90
3.55
3.24
2.97

CN

-0.1041
-0.0750
-0.0389
-0.0064

0.0290
0.0663
0.0976
0.1304
0.2014
0.2694
0.3374
0.4019
0.4690
0.5397
0.6072
0.6732

CA

0.0312
0.0309
0.0305
0.0302
0.0296
0.0289
0.0282
0.0274
0.0256
0.0238
0.0217
0.0199
0.0185
0.0171
0.0153
0.0141
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RUN

112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0
112.0

alpha
-2.68
-1.82
-0.93

0.82
1.69
2.53
3.40
5.18
6.96
8.77

10.53
12.35
14.03
15.79
17.59

CL

-0.0983
-0.0691
-0.0385

0.0230
0.0529
0.0821
0.1119
0.1732
0.2340
0.2961
0.3539
0.4145
0.4683
0.5239
0.5785

CD

0.03431
0.03133
0.02914
0.02792
0.02874
0.03035
0.03285
0.04065
0.05208
0.06776
0.08662
0.11061
0.13608
0.16648
0.20063

CM

-0.00222
-0.00442
-0.00674
-0.01137
-0.01371
-0.01600
-0.01830
-0.02282
-0.02747
-0.03251
-0.03761
-O.04321
-0.04857
-0.05429
-0.O6019

L/D
-2.87
-2.20
-1.32

0.82
1.84
2.71
3.41
4.26
4.49
4.37
4.09
3.75
3.44
3.15
2.88

CN

-0.0998
-0.0700
-0.0390

0.0234
0.0537
O.O834
0.1137
0.1762
0.2386
0.3029
0.3638
0.4286
0.4873
0.5494
0.6121

CA

0.0297
0.0291
0.0285
0.0276
0.0272
0.0267
0.0262
0.0248
0.0233
0.0218
0.0205
0.0194
0.0185
0.0176
0.0164

RUN

113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0
113.0

alpha
-2.80
-1.93
-1.01
-0.12

0.85
1.67
2.52
3.47
5.20
6.97
8.78

10.55
12.35
14.13
15.92
17.68

CL

-0.0999
-0.0717
-0.0425
-0.0139

0.0183
0.0445
0.0725
0.1035
0.1596
0.2159
0.2729
0.3290
0.3846
0.4386
0.4934
0.5447

CD

0.03397
0.03100
0.02879
0.02757
0.02724
0.02793
0.02947
0.03210
0.03939
0.05001
0.06463
0.08287
0.10502
0.13055
0.15984
0.19188

CM

-0.00219
-0.00407
-0.00616
-0.00799
-0.01018
-0.01216
-0.01408
-0.01623
-0.02024
-0.02442
-0.02893
-0.03367
-0.03872
-0.04371
-0.04900
-0.05405

L/D
-2.94
-2.31
-1.48
-0.50

0.67
1.59
2.46
3.22
4.05
4.32
4.22
3.97
3.66
3.36
3.09
2.84

CN
-0.1014
-0.0727
-0.0430
-0.0140

0.0188
0.0453
0.0737
0.1052
0.1625
0.2203
0.2796
0.3386
0.3981
0.4572
0.5183
0.5773

CA

0.0291
0.0286
0.0280
0.0275
0.0270
0.0266
0.0263
0.0258
0.0248
0.0234
0.0222
0.0212
0.0203
0.0195
0.0184
0.0173

RUN

115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0
115.0

alpha
-2.80
-2.00
-1.09
-0.23

0.58
1.49
2.32
3.19
4.91
6.63
8.33

10.05
11.70
13.46

CL
-0.3260
-0.2892
-0.2493
-0.2096
-0.1746
-0.1326
-0.0950
-0.0564

0.0204
0.0969
0.1676
0.2391
0.3048
0.3779

CD

0.10166
0.09315
0.08489
0.07809
0.07290
0.06785
0.06455
0.06217
0.06056
0.06290
0.07271
0.08703
0.10438
0.12519

CM
0.10238
0.09819
0.09371
0.08955
0.08570
0.08131
0.07737
0.07309
0.06472
0.05682
0.05254
0.04781
0.04289
0.03456

L/D
-3.21
-3.10
-2.94
-2.68
-2.40
-1.95
-1.47
-0.91

0.34
1.54
2.31
2.75
2.92
3.02

CN

-0.3305
-0.2922
-0.2509
-0.2099
-0.1739
-0.1307
-0.0923
-0.0529

0.0255
0.1035
0.1764
0.2506
0.3196
0.3967

CA
0.0856
0.0830
0.0801
0.0772
0.0746
0.0713
0.0684
0.0652
0.0586
0.0513
0.0476
0.0440
0.0404
0.0338
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64

RUN

116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
116.0
RUN

117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
117.0
RUN

118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0
118.0

alpha
-3.01
-2.08
-1.21
-0.29

0.55
1.44
2.32
3.18
4.90
6.68
8.38

10.10
11.87
13.61
15.34
17.13

alpha
-2.94
-2.09
-1.19
-0.34

0.55
1.47
2.32
3.25
5.00
6.74
8.48

10.28
12.02
13.80
15.57
17.35

alpha
-3.02
-2.08
-1.26
-0.32

0.58
1.45
2.36
3.23
5.00
6.77
8.55

10.37
12.11
13.90
15.67
17.46

CL

-0.2858
-0.2497
-0.2151
-0.1795
-0.1455
-0.1103
-0.0738
-0.0409

0.0284
0.0989
0.1593
0.2218
0.2857
0.3498
0.4142
0,4778

CL

-0.2505
-0.2221
-0.1899
-0.1593
-0.1280
-0.0948
-0.0642
-0.0311

0.0329
0.0946
0.1514
0.2114
0.2693
0.3297
0.3894
0.4444

CL

-0.2391
-0.2083
-0.1807
-0.1494
-0.1183
-0.0894
-0.0588
-0.0288

0.0311
0.0904
0.1467
0.2036
0.2584
0.3164
0.3712
0.4238

CD

0.09287
0.08431
0.07716
0.07085
0.06598
0.06187
0.05876
0.05669
0.05553
0.05856
0.06811
0.07965
0.09727
0.11743
0.13952
0.16786

CD

0.08509

0.07824
0.07150

0.06600

0.06119
0.05729

0.05471

0.05298

0.05272

0.05532
0.06442

0.07657

0.09200
0.11085

0.13239

0.15836

CD

0.08289

0.07517

0.06912

0.06329
0.05870

0.05535

0.05282
0.05148

0.05101
0.05367

0.06241

0.07398

0.08860
0.10677

0.12902

0.15406

CM

0.08543
0.08187

0.07836

0.07483

0.07145

0.06790
0.06450

0.06107

O.O54O8

0.04730
0.04421

0.03892

0.03444

0.02790
0.01909

0.01077

CM

0.07378

0.07079

0.06775
0.06485

0.06169
0.05841

0.05557

0.05234

0.04617

0.04020

O.03716
0.03257

0.02753

0.02114
0.01423

0.00870

CM

0.06723
0.06422

0.06152

0.05855

0.05571
0.05295

0.05008

0.04738

0.04189

0.03653
0.03309

0.02848

0.02394

0.01818
0.01281

0.00814

L/D

-3.08

-2.96
-2.79

-2.53

-2.21

-1.78

-1.26
-0.72

0.51

1.69

2.34
2.79

2.94

2.98

2.97
2.85

L/D

-2.94
-2.84

-2.66
-2.41

-2.09

- 1.66

-1.17

-0.59
0.62

1.71

2.35

2.76

2.93
2.97

2.94

2.81

L/D

-2.88

-2.77
-2.61

-2.36

-2.02

-1.62
-1.11

-0.56

0.61

1.68

2.35

2.75
2.92

2.96

2.88
2.75

CN

-0.2903

-0.2526

-0.2167

-0.1799
-0.1449

-0.1088

-0.0714

-0.0377

0.0330
0.1051

0.1676

0.2324

0.2996
0.3676

0.4364

0.5060

CN

-0.2545

-0.2248
-0.1914

-0.1597

-0.1275
-0.0933

-0.0620

-0.0280

0.0373

0.1005
0.1593

0.2217

0.2825

0.3466
0.4107

0.4714

CN

-0.2431
-0.2109

-0.1822

-0.1497

-0.1177
-0.0880

-0.0566

-0.0259

0.0354

0.0961
0.1543

0.2136

0.2712

0.3328
0.3922

0.4505

CA

0.0777
0.0752

0.0726

0.0699

0.0674
0.0646

0.0617

0.0589

0.0529

0.0467
0.0442

0.0395

0.0364

0.0318
0.0250

0.0197

CA

0.0721

0.0701

0.0675
0.0650

0.0624

0.0597
0.0573

0.0547

0.0497

0.0438
0.0414

0.0376

0.0339

0.0290

0.0230
0.0187

CA

0.0702

0.0676
0.0651

0.0625

0.0599

0.0576
0.0552

0.0530

0.0481

0.0426

0.0399

0.0361
0.0324

0.0276

0.0240
0.0199



RUN

119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0
119.0

RUN

120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0

RUN
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0
121.0

alpha
-2.78
-1.90
-1.03
-0.17

0.61
1.52
2.38
3.20
5.00
6.70
8.33

10.09
11.81
13.52

alpha
-2.85
-2.01
-1.16
-0.28

0.61
1.46
2.35
3.29
4.93
6.70
8.41

10.14
11.95
13.71
15.44
17.18

alpha
-2.92
-1.99
-1.14
-0.27

0.59
1.47
2.40
3.23
5.00
6.77
8.57

10.28
12.07
13.83
15.64
17.38

CL

-0.2792
-0.2426
-0.2043
-0.1673
-0.1253
-0.0892
-0.0506
-0.0157

0.0642
0.1387
0.2093
0.2813
0.3523
0.4236

CL
-0.2400
-0.2094
-0.1753
-0.1402
-0.1062
-0.0720
-0.0362

0.0000
0.0643
0.1320
0.1952
0.2603
0.3250
0.3894
0.4528
0.5124

CL

-0.2164
-0.1836
-0.1538
-0.1233
-0.0929
-0.0618
-0.0280

0.0018
0.0636
0.1243
0.1860
0.2428
0.3029
0.3612
0.4196
0.4724

CD

0.07015

0.06259
0.05611

0.05077

0.04656
0.04328

0.04113

0.04003

0.04110
0.04674

0.05656

0.07118

0.09049
0.11344

CD

0.06375

0.05733
0.05151

0.04658

0.04274
0.03998

0.03804

0.03719

0.03840
0.04386

0.05323

0.06681

0.08484
0.10633

0.13044

0.15892

CD

0.05951

0.05277

0.04758
0.04325

0.03985

0.03724

0.03545
0.03480

0.03613

0.04151
O.05119

0.06363

0.08006

0.09962
0.12332

0.14998

CM

0.08152

0.07757

0.07352
0.06967

0.06534

0.06189

0.05798
0.05443

0.04703

0.04076

0.03481
0.02858

0.O2292

0.01555

CM

0.06610

0.06311

0.05991

0.05663
0.05339

0.05011

0.04698

0.04372
0.03822

0.03286

0.02771
0.02245

0.01699

0.01070
0.00302

-0.00375

CM

0.05602
0.05291

0.05033

0.04753
0.04481

0.04201

0.03910

0.03657
0.03143

0.02675

0.02224

0.01795
0.01243

0.00672

0.00111

-0.00324

L/D

-3.98
-3.88

-3.64

-3.29

-2.69
-2.06

-1.23

-0.39

1.56
2.97

3.70

3.95

3.89
3.73

L/D

-3.77
-3.65

-3.40

-3.01
-2.48

-1.80

-0.95

0.00

1.67
3.01

3.67

3.90

3.83
3.66

3.47

3.22

L/D

-3.64

-3.48
-3.23

-2.85
-2.33

-1.66

-0.79

0.05

1.76
2.99

3.63

3.82

3.78
3.63

3.40

3.15

CN

-0.2822

-0.2445

-0.2053
-0.1674

-0.1248

-0.0880

-0.0488
-0.0134

0.0675

0.1432

0.2153
0.2894

0.3633

0.4384

CN

-0.2429

-0.2113

-0.1763

-0.1404
-0.1057

-0.0710

-0.0346
0.0021

0.0674

0.1363

0.2009
0.2680

0.3355

0.4035

0.4712
0.5364

CN

-0.2191

-0.1853

-0.1547
-0.1235

-0.0925

-0.0608

-0.0265
0.0038

0.0665

0.1283
0.1916

0.2503

0.3129

0.3746

0.4373

0.4956

CA

0.0565

0.0545
0.0524

0.0503

0.0479
0.0456

0.0432

0.0408

0.0354

0.0302
0.0256

0.0208

0.0165
0.0113

CA

0.0517
0.0499

0.0479

0.0459

0.0439
0.0418

0.0395

0.0371

0.0327
0.0282

0.0241

0.019 _-

0.015
0.0110

0.0052

0.0005

CA

0.0484

0.0464
0.0445

0.0427
0.0408

0.0388

0.0366

0.0346

0.0304
0.0266

0.0229

0.0193

0.0149
0.0104

0.0057

0.0020
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RUN

122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0
122.0

RUN
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0
123.0

RUN

127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0
127.0

alpha
-2.99
-2.04
-1.13
-0.26

0.58
1.53
2.34
3.30
5.07
6.85
8.61

10.35
12.15
13.91
15.70
17.49

alpha
-2.69
- 1.86
-0.97
-0.10

0.81
1.66
2.45
3.29
5.05
6.72
8.46

10.16
11.93
13.64

alpha
-2.76
-1.88
-1.03
-0.20

0.71
1.56
2.47
3.28
5.00
6.74
8.47

10.21
11.98
13.77
15.54
17.26

CL

-0.2060
-0.1741
-0.1433
-0.1154
-0.0872
-0.0563
-0.0286

0.0037
0.0622
0.1199
0.1764
0.2301
0.2869
0.3423
0.3962
0.4488

CL

-0.2243

-0.1879
-0.1494

-0.1113

-0.0699
-0.0326

0.0019

0.0400

0.1153
0.1871

0.2620

0.3333
0.4061

0.4755

CL

-0.1957
-0.1616

-0.1280

-0.0970

-0.0603

-0.0268
0.0086

0.0391

0.1059

0.1721

0.2373
0.3021

0.3649

0.4290

0.4912
0.5476

CD

0.05753
0.05086

0.04545

O.O4137

0.03819
0.03556

0.03413

0.03339

0.03486
0.04016

O.O4923

0.06108
0.07684

0.09556

0.11822
0.14448

CD

0.04596

0.03994

0.03465
0.03058

0.02742
0.02559

0.02488

0.02512

0.02895

0.03669
0.04914

0.06566

0.08742
0.11276

CD

0.04217

0.03654
0.03200

0.02861

0.02581

0.02422
0.02353

0.02380

0.02743

0.03492

0.04625

0.06166
0.08102

0.10498

0.13255
0.16271

CM

0.04979
0.04704

0.04445

0.04197

0.03980
0.03710

0.03500

0.03246

0.02796

0.02366
0.01959.

0.01553

0.01077

0.00582
0.00149

-0.00226

CM

0.05341

0.04988

0.04596

0.04237
0.03858

0.03501
0.O3185

0.02855

0.02216

0.01627

0.01000
0.00376

-0.00236

-0.00942

CM

0.04313

0.04008

0.03714
0.03441

0.03131

0.O2848

0.02555
0.02291

0.01788

0.01276

0.00772

0.00252

-0.00271

-0.00865
-0.01506

-0.02092

L/D

-3,58

-3.42

-3.15
-2.79

-2.28

-1.58
-0.84

0.11

1.78

2.99

3.58
3.77

3.73

3.58

3.35
3.11

L/D

-4.88

-4.70

-4.31

-3.64
-2.55

-1.27

0.08

1.59

3.98
5.10

5.33

5.08
4.65

4.22

L/D

-4.64

-4.42

-4.00

-3.39
-2.34

-1.11

0.36

1.64

3.86

4.93
5.13

4.90

4.50

4.09

3.71
3.37

CN

-0.2087

-0,1758

-0.1442

-0.1156
-0.0868

-0.0553

-0.0272

0.0056
0.0650

0,1238

0.1818

0.2374
0.2967

0.3552

0.4134
0.4715

CN

-0.2262
-0.1891

-0.1499

-0.1114

-0.0695
-0.0318

0.0030

0.0414

0.1174

0.1901
0.2664

(}.3397

0.4154
0.4886

CN

-0.1975

-0.1627
-0.1286

-0.0971

-0.0600

-0.0261
0.0095

0.0404

0.1079

0.1750

0.2415
0.3083

0.3737

0.4417

0.5088
0.5712

CA

0.0467

0.0446

0.0426

0.0408

0.0391
0.0370

0.0353

0.0331

0.0292
0.0256

0.0223

0.0188

0.0147

0.0105
0.0066

0.0029

CA

0.0354

0.0338

0.0321
0.0304

0.0284

0.0265
0.0248

0.0228

0.0187

0.0146
0.0101

0.0059

0.0016

-0.0026

CA

0.0327

0.0312

0.0297
0.0283

0.0266

0.0249

0.0231
0.0215

0.0181

0.0145

0.0108

0.0071

0.0036
-0.0001

-0.0039

-0.0071
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RUN

128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0
128.0

RUN

120.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0
129.0

RUN

143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0
143.0

alpha
-2.86
-1.96
- 1.08
-0.20

0.72
1.56
2.41
3.35
5.13
6.85
8.61

10.39
12.16
13.91
15.66
17.47

alpha
-2.94
-2.02
-1.13
-0.20

0.69
1.59
2.44
3.36
5.08
6.82
8.69

10.43
12.22
13.98
15.75
17.49

alpha
-2.58
-1.65
-0.76

0.08
0.90
1.80
2.60
3.49
5.22
6.92
8.67

10.39
12.07
13.84

CL
-0.1764
-0.1455
-0.1156
-0.0842
-0.0513
-0.0224

0.0075
0.0402
0.1025
0.1612
0.2204
0.2797
0.3368
0.3935
0.4495
0.5032

CL
-0.1678
-0.1383
-0.1099
-0.0796
-0.0495
-0.0205

0.0075
0.0374
0.0936
0.1492
0.2083
0.2619
0.3161
0.3701
0.4227
0.4731

CL

-0.1765
-0.1370
-0.0967
-0.0608
-0.0253

0.0132
0.0497
0.0892
0.1648
0.2396
0.3110
0.3825
0.4513
0.5232

CD

0.03972
0.03448
0.03031
0.02700
0.02453
0.02317
0.02261
0.02302
0.02677
0.03395
0.04494
0.05974
0.07784
0.09948
0.12475
0.15391

CD

0.03872
0.03359
0.02961
0.02636
0.02408
0.02270
0.02222
0.02262
0.02603
0.03282
0.04392
0.05755
0.07491
0.09559
0.11971
0.14654

CD

0.03751
0.03194
0.02776
0.02494
0.02315
0.02227
0.02250
0.02381
0.02944
0.03938
0.05384
0.07270
0.09530
0.12349

CM

0.03577
0.03308
0.03062
0.02824
0.02560
0.02326
0.02092
0.01844
0.01395
0.00963
0.00525
0.00102

-0.00352
-0.00816
-0.01316
-0.01745

CM

0.03115
0.02903
0.02697
0.02479
0.02263
0.02058
0.01850
0.01638
0.01267
0.00882
0.00497
0.00129

-0.00291
-0.00715
-0.01099
-0.01483

CM

0.02445
0.02052
0.01660
0.01305
0.00940
0.00581
0.00247

-0.00119
-0.00816
-0.01450
-0.02046
-0.02672
-0.03310
-0.04032

L/D
-4.44
-4.22
-3.81
-3.12
-2.09
-0.97

0.33
1.74
3.83
4.75
4.90
4.68

4.33
3.96

3.60

3.27

L/D

-4.33

-4.12

-3.71
-3.02

-2.06

-0.90

0.34
1.65

3.60

4.55

4.74
4.55

4.22

3.87

3.53
3.23

L/D

-4.71
-4.29

-3.48
-2.44

- 1.09

0.59

2.21

3.75
5.60

6.08

5.78
5.26

4.74

4.24

CN

-0.1782

-0.1466

-0.1161
-0.0843

-0.0510

-0.0218

0.0085
0.0414

0.1045

0.1641

0.2247

0.2859
0.3456

0.4058

0.4665

0.5262

CN

-0.1695

-0.1394

-0.1104
-0.0797

-0.0492

-0.0198
0.0084

0.0387

0.0956

0.1520
0.2126

0.2679

0.3248

0.3822
0.4393

0.4953

CN

-0.1780

-0.1379

-0.0971
-0.0608

-0.0249

0.0139

0.0507
0.0904

0.1668

0.2426

0.3156
0.3894

0.4612

0.5376

CA

0.0309

0.0295
0.0281

0.0267

0.0252

0.0238
0.0223

0.0206

0.0175

0.0145

0.0114
0.0083

0.0052

0.0020

-0.0012
-0.0043

CA

0.0301
0.0287

0.0274

0.0261
0.0247

0.0233

0.0219

0.0204

0.0176
0.0149

0.0119

0.0092

0.0063
0.0033

0.0005

-0.0024

CA

0.0295

0.0280
0.0265

0.0250

0.0235

0.0218
0.0202

0.0183

0.0143
0.0102

0.0064

0.0025
-0.0012

-0.0053
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RUN

147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0
147.0

RUN

148.0
t48.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0
148.0

RUN

149.0
149.0
149.0
149.0
149.0
149.0
149.0
149.0
149.0
149.0
149.0
t49.0
149.0
149.0
149.0
149.0

alpha
-2.65
- 1.80
-0.92
-0.04

0.81
1.68
2.55
3.46
5.21
6.94
8.65

10.42
12.18
13.84
15.65
17.39

alpha
-2.79
- 1.86
-1.01
-0.07

0.84
1.72
2.55
3.48
5.24
6.98
8.72

10.48
12.26
14.02
15.83
17.60

alpha
-2.80
-1.86
-0.98
-0.11

0.79
1.65
2.54
3.49
5.23
6.98
8.75

10.58
12.32
14.13
15.91
17.64

CL

-0.1558
-0.1234
-0.0899
-0.0561
-0.0234

0.0093
0.0425
0.0777
0.1449
0.2118
0.2757
0.3399
0.4035
0.4637
0.5252
0.5855
CL

-0.1453
-0.1139
-0.0850
-0.0531
-0.0229

0.0076
0.0366
0.0688
0.1296
0.1899
0.2488
0.3069
0.3647
0.4213
0.4789
0.5339
CL

-0.1397
-0.1097
-0.0823
-0.0542
-0.0254

0.0023
0.0302
0.0616
0.1173
0.1728
0.2298
0.2870
0.3406
0.3954
0.4492
0.5006

CD

O.O3619
0.03159
0.02789
0.02514
0.02338
0.02254
0.02269
0.02387
0.02892
0.03793
0.05082
0.06816
0.08943
0.11317
0.14219
0.17486

CD

0.03534
0.03075
0.02745
0.02477
0.02309
0.02238
0.02249
0.02356
0.02838
0.03672
0.04874
0.06462
0.08419
O.10699
0.13419
0.16432

CD

0.03501
0.03051
0.02729
0.02489
0.02325
0.02249
0.02256
0.02357
0.02801
0.03569
0.04723
0.06267
0.08078
0.10303
0.12836
0.15629

CM
0.01945
0.01660
0.01341
0.01054
0.00755
0.00465
0.00174

-0.00109
-0.00668
-0.01204
-0.01706
-0.02238
-0.02805
-0.03390
-0.04025
-0.04677

CM

0.01587
0.01317
0.01090
0.00836
O.O0574
0.00338
0.00114

-0.00140
-0.00615
-0.O1058
-0.01520
-0.01964
-0.02436
-0.02926
-0.03423
-0.03948

CM

0.01351
0.01123
0.00926
0.00721
0.00521
0.00309
0.00107

-0.00112
-0.00511
-0.00917
-0.01325
-0.01756
-0.02178
-0.02610
-0.03052
-0.03484

L/D
-4.30
-3.91
-3.22
-2.23
-1.00

0.41
1.87
3.25
5.01
5.58
5.42
4.99
4.51
4.10
3.69
3.35

L/D
-4.11
-3.70
-3.10
-2.14
-0.99

0.34
1.63
2.92
4.57
5.17
5.10
4.75
4.33
3.94
3.57
3.25

L/D
-3.99
-3.60
-3.02
-2.18
- 1.09

0.10
1.34
2.61
4.19
4.84
4.87
4.58
4.22
3.84
3.50
3.20

CN

-0.1573
-0.1244
-0.0903
-0.0561
-0.0231

0.0100
0.0435
0.0790
0.1469
0.2148
0.2802
0.3466
0.4133
0.4773
0.5441
0.6110

CN

-0.1468
-0.1148
-0.0854
-0.0531
-0.0226

0.0082
0.0376
0.0701
0.1316
0.1929
0.2533
0.3136
0.3743
0.4347
0.4974
0.5586

CN

-0.1412
-0.1107
-0.0827
-0.0542
-0.0251

0.0030
0.0312
0.0629
0.1194
0.1759
0.2344
0.2937
0.3499
0.4086
0.4672
0.5245

CA

0.0289
0.0277
0.0264
0.0251
0.0237
0.0223
0.0208
0.0191
0.0157
0.0121
0.0088
0.0056
0.0022

-0.0011
-0.0047
-0.0082

CA

0.0282
0.0270
0.0260
0.0247
0.0234
0.0221
0.0208
0.0193
0.0164
0.0134
0.0105
0.0077
0.0048
0.0017

-0.0015
-0.0048

CA

0.0281
0.0269
0.0259
0.0248
0.0236
0.0224
0.0212
0.0198
0.0172
0.0144
0.0117
0.0089
0.0062
O.0034
0.0003

-0.0027



RUN
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0
153.0

alpha
-2.50
-1.62
-0.73

0.12
0.96
1.82
2.63
3.55
5.26
6.92
8.66

10.38
12.15
13.86

CL

-0.1817
-0.1430
-0.1050
-0.0691
-0.0313

0.0053
0.0411
0.0800
0.1535
0.2277
0.3023
0.3745
0.4462
0.5139

CD

0.04289
0.03736
0.03297
0.02990
0.02780
0.02677
0.02670
0.02773
0.03271
0.04170
0.05537
0.07324
0.09640
0.12286

CM

0.02428
0.02055
0.01637
0.01288
0.00912
0.00558
0.00207

-0.00156
-0.00855
-0.01524
-0.02182
-0.02823
-0.03476
-0.04138

L/D
-4.24
-3.83
-3.19
-2.31
-1.12

0.20
1.54
2.88
4.69
5.46
5.46
5.11
4.63
4.18

CN

-0.1834
-0.1440
-0.1054
-0.0690
-0.0308

0.0062
0.0423
0.0816
0.1558
0.2310
0.3072
0.3815
0.4565
0.5284

CA
0.0349
0.0333
0.0316
0.0301
0.0283
0.0266
0.0248
0.0227
0.0185
0.0139
0.0092
0.0045
0.0003

-0.0039

RUN
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0
154.0

alpha
-2.66
-1.81
-0.85

0.89
1.77
2.62
3.50
5.21
6.96
8.75

10.49
12.22
13.96
15.70
17.43

CL

-0.1629

-0.1308

-0.0946
-0.0300

0.0030

0.0337

0.0688
0.1333

0.2018

0.2681

0.3329
0.3956

0.4569

0.5150

0.5743

CD

0.04179

0.03705
0.03276

0.02790

0.02689

0.02683
0.02769

0.03213

0.04065

0.05326

0.06959
0.08972

0.11389

0.14098

0.17218

CM

0.01937
0.01652

0.01327

0.00710

0.00436

0.00163
-0.00131

-0.00680

-0.01236

-0.01783
-0.02356

-0.02903

-0.03484

-0.04063
-0.04666

L/D

-3.90
-3.53

-2.89

-1.07

0.11
1.26

2.48

4.15

4.96

5.03
4.78

4.41

4.01

3.65
3.34

CN

-0.1647
-0.1319

-0.0951

-0.0295

0.0039
0.0349

0.0703

0.1357

0.2053
0.2731

0.3400

O.4O57

0.4709

0.5339
0.5995

CA

0.0342
0.0329

0.0314

0.0284

0.0268
0.0253

0.0234

0.0199

0.0159
0.0119

0.0078

0.0040

0.0003
-0.0036

-0.0077

RUN

155.0

155.0

155.0

155.0

155.0
155.0

155.0

155.0

155.0

155.0
155.0

155.0

155.0

155.0
155.0

155.0

alpha

-2.69

-1.86

-0.90

-0.07

0.88
1.73

2.58

3.51

5.29
7.04

8.81

10.59

12.35

14.04
15.85

17.62

CL

-0.1469

-0.1203

-0.0877

-0.0613

-0.0284
0.0001

0.0288

0.0602

0.1199
0.1795

0.2394

0.3006

0.3587

0.4128
0.4702

0.5230

CD

0.04039

0.03618

0.03224

0.02972

0.02771
0.02677

0.02665

0.02745

0.03174
0.03950

0.05112

0.06660

0.08531

0.1 O666
0.13319

0.16183

CM

0.01531

0.01304

0.01046

0.00802
0.00535

0.00307

0.00079

-0.00164
-0.00639

-0.01102

-0.01573

-0.02062

-0.02549

-0.02996
-0.03493

-0.03930

L/D

-3.64

-3.32

-2.72

-2.06
-1.02

0.00

1.08

2.19
3.78

4.55

4.68
4.51

4.21

3.87

3.53

3.23

CN

-0.1487

-0.1214

-0.0882
-0.0613

-0.0280

0.0009

0.0300
0.0618

0.1224

0.1830
0.2444

0.3077

0.3687

0.4263

0.4887

0.5475

CA

0.0335
0.0323

0.0309

0.0297

0.0281

0.0268
0.0253

0.0237

0.0205

0.0172
0.0138

0.0102

0.0066

0.0033

-0.0003
-0.0041
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RUN

156.0

156.0

156.0

156.0
156.0

156.0

156.0

156.0
156.0

156.0

156.0

156.0
156.0

156.0

156.0

156.0

RUN

157.0

157.0
157.0

157.0
157.0

157.0

157.0

157.0

157.0
157.0

157.0

157.0
157.0

157.0

RUN

158.0

158.0
158.0

158.0

158.0
158.0

158.0

158.0

158.0

158.0
158.0

158.0

158.0

158.0
158.0

158.0

alpha

-2.77

-1.86

-0.96

-0.09
0.82

1.73

2.62

3.51
5.29

7.08

8.81

10.60
12.34

14.11

15.93

17.65

alpha

-2.53

-1.54
-0.77

0.12
0.99

1.87

2.65

3.62

5.27
6.98

8.76

10.46
12.14

13.87

alpha

-2.59

-1.70
-0.87

0.06

0.90
1.74

2.63

3.48

5.33

7.02
8.73

10.46

12.25

13.95
15.77

17.48

CL

-0.1408

-0.1133

-0.0855

-0.0583
-0.0301

-0.0017

0.0262

0.0544
0.1097

0.1657

0.2209

0.2773
0.3311

0.3853

0.4396

0.4898

CL

-0.1899

-0.1472
-0.1134

-0.0758
-0.0379

-0.0026

0.0342

0.0740

0.1469
0.2201

0.2969

0.3681
0.4410

0.5061

CL

-0.1657

-0.1331
-0.1014

-0.0673

-0.0372
-0.0043

0.0284

0.0591

0.1288

0.1929
0.2571

0.3224

0.3874

0.4476
0.5104

O.5665

CD

0.04021

0.03584

0.03234

0.02977
0.02793

0.02698

0.02682

0.02756
0.03150

0.03890

0.04955

0.06392
0.08113

0.10218

0.12726

0.15407

CD

0.04819

0.04186
0.03794

0.03446

O.O32O8
0.03089

0.03063

0.03153

0.03613
0.04483

0.05866

0.07600
0.09789

0.12333

CD

0.04625

0.04123
0.03742

0.03424

0.03225
O.O31O9

0.03086

0.03150

0.03595

O.O4378

0.05548
0.07138

O.09155

0.11420
0.14241

0.17225

CM

0.01287

0.01065

0.00863

O.00657
0.00451

0.00250

0.00049

-0.00143
-0.00554

-0.00949

-0.01378

-0.01806
-0.02246

-0.02664

-0.03095

-0.03478

CM

0.02490

0.02049
0.01709

O.O13O7

0.00922
0.00564

0.00182

-0.00203

-0.00905
-0.01601

-0.02282

-0.02959
-0.03679

-0.04294

CM

0.01963

0.01644
0.01351

0.01025

0.00732
0.00442

0.00148

-0.00135

-0.00737

-0.01292

-0.01839
-0.02415

-0.03021

-0.03614
-0.04217

-0.04775

L/D

-3.50

-3.16

-2.64
- 1.96

- 1.08

-0.06

0.98

1.97
3.48

4.26

4.46

4.34
4.08

3.77

3.45

3.18

L/D

-3.94

-3.52
-2.99

-2.20

-1.18
-0.09

1.12

2.35

4.07
4.91

5.06

4.84
4.51

4.10

L/D

-3.58

-3.23

-2.71
-1.97

-1.15

-0.14
0.92

1.88

3.58

4.41

4.63

4.52
4.23

3.92

3.58
3.29

CN

-0.1425

-0.1144

-0.0860
-0.0584

-0.0297

-0.0009

0.0274

0.0560
0.1121

0.1692

0.2259

0.2844
0.3408

0.3985

0.4577

0.5134

CN

-0.1918

-0.1483
-0.1139

-0.0757

-0.0374
-0.0016

0.0356

0.0758

0.1496
0.2239

0.3024

0.3758

0.4517
0.5209

CN

-0.1676

-0.1343

-0.1020
-0.0673

-0.0367

-0.0034
0.0298

0.0609

0.1316

0.1968

0.2625

0.3300
0.3980

0.4619

0.5299

0.5921

CA

0.0334

0.0322

0.0309
0.0297

0.0284

0.0270

0.0256

0.0242
0.0213

0.0182

0.0151

0.0118
0.0085

0.0052

0.0017

-0.0017

CA

0.0398

0.0379
0.0364

0.0346

0.0327

0.0310
0.0290

0.0268

0.0225
0.0178

0.0127

0.0079

0.0029
-0.0016

CA

0.0387

0.0373

0.0359

0.0343
0.0328

0.0312

0.0295

0.0279

0.0238
0.0199

0.0158

0.0117

0.0073
0.0029

-0.0017

-0.0059
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RUN
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0
159.0

RUN

160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0
160.0

RUN
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0
161.0

alpha
-2.65
-1,80
-0.88
-0.04

0.89
1.73
2.62
3.51
5.31
7.04
8.80

10.57
12.37
14.15
15.88
17.64

alpha
-2.76
-1.85
-0.99
-0.10

0.80
1.75
2.62
3.53
5.26
7.14
8.86

10.64
12.37
14.17
15.94
17.73

alpha
-2.60
-1.68
-0.87

0.05
0.90
1.77
2.61
3.40
5.23
6.85
8.54

10.26
12.00
13.76

CL

-0.1505
-0.1236
-0.0931

-0.0651

-0.0340

-0.0079

0.0216
0.0519

0.1123

0.1704

0.2295

0.2890
0.3466

0.4060

0.4609
0.5140

CL

-0.1464

-0.1185

-0.0922
-0.0649

-0.0382

-0.(}076

0.0185
0.0462

0.0997

0.1591

0.2121

0.2685
0.3212

0.3767

0.4310
0.4847

CL

-0.1655

-0.1276
-0.0910

-0.0506

-0.0123

0.0262
0.0635

0.0972

0.1764

0.2480

0.3191
0.3925

0.4655

0.5360

CD

0.04479
0.04047

0.03668

0.03397

0.03191

0.03096
0.03067

0.03127

0.03520

0.04251
0.05350

0.06831

0.08656

0.10869
0.13314

0.16120

CD

0.04502

0.04047
0.03702

0.03424

0.03234

0.03115
0.03095

0.03147

0.03490

0.04227

0.05233
0.06634

0.08287

0.10378
0.12758

0.15497

CD

0.03246
0.02753

0.02403

0.02125

0.01980
0.01944

0.02016

0.02177

0.02890
0.03934

0.05402

0.07374

0.09841
0.12753

CM

0.01562

0.01316

0.01055

0.00812
0.00552

0.00319

0.00079

-0.00174

-0.00658
-0.01122

-0.01610

-0.02093

-0.02587
-0.03106

-0.03587

-0.04034

CM

0.01297
0.01080

0.00875

0.00661
0.00455

0.00236

0.00040

-0.00172
-0.00575

-0.01014

-0.01428

-0.01866

-0.02301
-0.02748

-0.03187

-0.03624

CM

0.02467

0.02091

0.01773
0.01369

0.01029

0.00670

0.00354

0.00044
-0.00628

-0.01232

-0.01860

-0.02528
-0.03276

-0.04039

L/D

-3.36

-3.05

-2.54
-1.92

-1.07

-0.25

0.70
1.66

3.19

4.01

4.29

4.23
4.00

3.74

3.46

3.19

L/D

-3.25

-2.93

-2.49
-1.90

-1.18

-0.24

0.60
1.47

2.86

3.76

4.05

4.05
3.88

3.63

3.38
3.13

L/D

-5.10

-4.63
-3.79

-2.38

-0.62

1.35

3.15
4.47

6.11

6.30

5.91
5.32

4.73

4.20

CN

-0.1524
-0.1248

-0.0936

-0.0651

-0.0335

-0.0069
0.0230

0.0538

0.1150

0.1743

0.2350
0.2966

0.3571

0.4203

O.4798
0.5387

CN

-0.1484

-0.1197
-0.0928

-0.0649

-0.0377

-0.0067
0.0199

0.0481

0.1025

0.1631
0.2177

0.2762

0.3315

0.3907
0.4495

0.5089

CN

-0.1668
-0.1283

-0.0914

-0.0506

-0.0120
0.0268

0.0644

0.0983

0.1784

0.2509
0.3236

0.3994

0.4758
0.5509

CA

0.0378

0.0366

0.0352

0.0339
0.0324

0.0312

0.0297

0.0280

0.0247
0.0213

0.0178

0.0141

0.0103

0.0061
0.0019

-0.0022

CA

0.0379
0.0366

0.0354

0.0341

0.0329
0.0314

0.0301

0.0286

0.0256
0.0222

0.0191

0.0156

0.0121
0.0084

0.0043

0.0000

CA

0.0249

0.0238

0.0227
0.0213

0.0200

0.0186

0.0172

0.0160
0.0127

0.0095

0.0060

0.0027
-0.0006

-0.0036
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RUN
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0
166.0

alpha
-2.70
-1.88
-I.00
-0.10

0.73
1.69
2.48
3.42
5.11
6.86
8.60

10.35
12.08
13.83
15.65
17.36
0.00

CL

-0.1487
-0.1191
-0.0839
-0.0481
-0.0165

0.0219
0.0528
0.0883
0.1545
0.2195
0.2855
0.3509
0.4135
0.4758
0.5377
0.5958

-0.0462

CD

0.03150
0.02744
0.02387
0.02133
0.01997
0.01946
0.01999
0.02165
0.02773
0.03758
0.05150
0.06960
0.09122
0.11704
0.14753
0.18059
0.02169

CM

0.02011
0.01742
0.01447
0.01157
0.00885
0.00565
0.00313
0.00036

-0.00484
-0.01005
-0.01541
-0.02117
-0.02723
-0.03354
-0.04039
-0.04680

0.01120

L/D
-4.72
-4.34
-3.52
-2.25
-0.83

1.12
2.64
4.08
5.57
5.84
5.54
5.04
4.53
4.07
3.64
3.30

-2.13

CN
-0.1500
-0.1200
-0.0843
-0.0481
-0.0163

0.0225
0.0536
0.0895
0.1564
0.2224
0.2900
0.3577
0.4234
0.4900
0.5576
0.6226

-0.O462

CA
0.0245
0.0235
0.0224
0.0212
0.0202
0.0188
0.0177
0.0163
0.0138
0.0111
0.0O82
0.0054
0.0027

-0.0001
-0.0030
-0.0054

0.0217

RUN
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0
169.0

alpha
-2.78
-1.85
-1.04
-0.18

0.73
1.60
2.47
3.41
5.19
6.92
8.71

10.43
12.19
13.95
15.75
17.54

CL

-0.1376
-0.1064
-0.0782
-0.0484
-0.0156

0.0130

0.0444

0.0781

0.1400

0.1988
0.2596

0.3167

0.3743

0.4315

0.4884
0.5432

CD

0.03044

0.02629
0.02338

0.02115

0.01969

0.01926

0.01973
0.02126

0.02714

0.03632

0.04957
0.06582

0.08594

0.10970

0.13758

0.16906

CM

0.01647

0.01398

0.01178
0.00948

0.00694

0.00460

0.00231

-0.00022
-0.00475

-0.00918

-0.01378

-O.01853
-0.02346

-0.02873

-0.03423

-0.03942

L/D

-4.52

-4.05

-3.34
-2.29

-0.79

0.68

2.25

3.67

5.16
5.47

5.24

4.81

4.36
3.93

3.55

3.21

CN

-0.1390
-0.1072

-0.0786

-0.0484

-0.0153

0.0136
0.0452

0.0792

0.1418

0.2017
0.2641

0.3234

0.3840

0.4452

0.5074

0.5689

CA

0.0237

0.0228
0.0220

0.0210

0.0199

0.0189

0.0178
0.0166

0.0144

0.0121

0.0097
0.0074

0.0050

0.0024

-0.0001

-0.0025

72



RUN
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0
170.0

alpha
-2.81
-1.91
-1.02
-0.14

0.74
1.63
2.52
3.42
5.14
6.94
8.73

10.45
12.30
14.08
15.84
17.64
0.00

CL

-0.1329

-0.1037

-0.0747
-0.0463

-0.0173

0.0121

0.0412
0.0711

0.1270

0.1838

0.2415
0.2951

0.3527

0.4061
0.4592

0.5130

-0.0391

CD

0.03049

0.02652

0.02343
0.02128

0.01996

0.01954
0.02002

0.02140

0.02663

0.03545
0.04799

0.06320

0.08327

0.10582
0.1319O

0.16223

0.02142

CM

0.01360

0.01153
0.00965

0.00760

0.00562
0.00357

0.00157

-0.00044

-0.00418
-0.00823

-0.01244

-0.01649

-0.02122
-0.02580

-0.03030

-0.03506

0.00701

L/D

-4.36

-3.91

-3.19

-2.17
-0.87

0.62

2.06

3.32
4.77

5.18

5.03

4.67
4.24

3.84

3.48

3.16
-1.83

CN

-0.1343

-0.1045

-0.0751

-0.0463
-0.0170

0.0126

0.0420
0.0722

0.1289

0.1867

0.2460
0.3017

0.3623

0.4196

0.4777
0.5381

-0.0391

CA

0.0239

0.0230

0.0221
0.0212

0.0202

0.0192
0.0182

0.0171

0.0152

0.0130
0.0108

0.0086

0.0062
0.0039

0.0016

-0.0009

0.0214

RUN

215.0
215.0

215.0

215.0

215.0
215.0

215.0

215.0

215.0

215.0
215.0

215.0

215.0

215.0

alpha

-3.41
-2.47

-1.47

-0.48
0.58

1.52

2.59

3.54

5.59
7.52

9.59

11.60

13.57
15.53

CL

-0.1444

-0.1041

-0.0580

-0.0166
0.0314

0.0730

0.1206

0.1612
0.2513

0.3320

0.4183

0.5002
0.5749

0.6503

CD

0.02563

0.02183

0.01911
0.01790

0.01802

0.01943

0.02262
0.02678

O.04O36

0.05865

0.08447
0.11552

0.15094

0.19235

CM

0.01808
0.01439

0.01049

0.00668

0.00278
-0.00096

-0.00521

-0.00892

-0.01701

-0.02472
-0.03331

-0.04195

-0.05000

-0.05878

L/D

-5.64
-4.77

-3.04

-0.93
1.74

3.76

5.33

6.02
6.23

5.66

4.95

4.33
3.81

3.38

CN

-0.1457

-0.1049

-0.0585

-0.0168
0.0315

0.0735

0.1215
0.1626

0.2540

0.3369

0.4265
0.5132

0.5943

0.6780

CA

0.0170

0.0173
0.0176

0.0178

0.0177
0.0175

0.0171

0.0168

0.0157
0.0147

0.0136

0.0126

0.0119
0.0112
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RUN

220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0
220.0

alpha
-3.55
-2.48
-1.48
-0.49

0.47
1.48
2.45
3.48
5.46
7.47
9.48

11.48
13.51
15.46
17.53
19.45

CL

-0.1324

-0.0910
-0.0497

-0.0126

0.0242

0.0630
0.1006

0.1414

0.2165

0.2923

0.3654
0.4363

0.5075

0.5728
0.6394

0.6988

CD

0.02525

0.02118
0.01872

O.01760

O.01764

0.01895
0.02144

0.02544

0.03683

0.05360

0.07552
0.10238

0.13527

0.17128
0.21410

0.25828

CM

0.01389

0.01054
0.00753

0.00437

0.00147

-0.00155
-0.00473

-0.00810

-0.01434

-0.02115

-0.02802
-0.03503

-0.04284

-0.05019
-0.05802

-0.06496

L/D

-5.24

-4.30
-2.66

-0.72

1.37

3.32
4.69

5.56

5.88

5.45
4.84

4.26

3.75

3.34
2.99

2.71

CN

-0.1337

-0.0918
-0.0502

-0.0128

0.0243

0.0635

0.1014
0.1427

0.2190

0.2968

0.3729
0.4479

0.5250

0.5977
0.6742

0.7449

CA

0.0170

0.0172
0.0174

0.0175

0.0174

0.0173
0.0171

0.0168

0.0160

0.0152

0.0143
0.0135

0.0129
0.0124

0.0116

0.0109

RUN

221.0

221.0

221.0

221.0
221.0

221.0

221.0

221.0
221.0

221.0

221.0

221.0

221.0
221.0

221.0

alpha

-2.95

-2.00

-0.91

0.06
1.07

2.12

3.10

4.08
6.08

8.04

10.05

12.10

14.01

15.99
0.01

CL

-0.1767

-0.1342

-0.0862

-0.0429
0.0007

0.0466

0.0916

0.1337
0.2213

0.3078

0.3915

0.4789

0.5537

0.6313
-0.0438

CD

0.03150

0.02615

0.02186

0.01948
0.01850

0.01891

0.02074

0.02383
0.03449

0.05104

0.07367

0.10385

0.13665

0.17682
0.01962

CM

0.02688

0.02313

0.01863

0.01497
0.01117

0.00707

0.00307

-0.00075
-0.00845

-0.01621

-0.02446

-0.03334

-0.04192
-0.05092

0.01528

L/D

-5.61

-5.13

-3.95

-2.20
0.04

2.46

4.41

5.61
6.42

6.03

5.31

4.61

4.05
3.57

-2.23

CN

-0.1781

-0.1351

-0.0866

-0.0428
0.0011

O.O473

0.0925
0.1350

0.2237

0.3119

0.3983

0.4901

0.5703
0.6556

-0.0438

CA

0.0224

0.0215

0.0205

0.0195
0.0185

0.0172

0.0158
0.0142

0.0109

O.OO75

0.0043

0.0012
-0.0014

-0.OO4O

0.0196
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RUN

222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0
222.0

alpha
-3.75
-2.75
-1.66
-0.69

0.28
1.27
2.28
3.36
5.27
7.35
9.36

11.29
13.31
15.32
17.33
19.35

CL
-0.1260
-0.0917
-0.0535
-0.0196

0.0148
0.0494
0.0843
0.1215
0.1891
0.2581
0.3236
0.3859
0.4485
0.5100
0.5703
0.6289

CD

0.02526
0.02146
0.01869
0.01747
0.01734
0.01832
0.02041
0.02405
0.03392
0.04910
0.06864
0.09184
0.12045
0.15359
0.19109
0.23355

CM

0.01112
0.00850
0.00582
0.00322
0.00082

-0.00171
-0.00433
-0.00701
-0.01214
-O.O177O
-0.02327
-0.02883
-0.03505
-0.04151
-0.04782
-0.05376

L/D
-4.99
-4.27
-2.86
-1.12

0.85
2.70
4.13
5.05
5.57
5.26
4.71
4.20
3.72
3.32
2.98

2.69

CN

-0.1274

-0.0926

-0.0540

-0.0198

0.0148
0.0498

0.0850

0.1227
0.1914

0.2623

0.3305

0.3964

0.4642
0.5325

0.6013

0.6708

CA

0.0170

0.0170

0.0171
0.0172

0.0173

0.0172

0.0170
0.0169

0.0164

0.0157

0.0151

0.0145
0.0139

0.0134

0.0126
0.0120

RUN

223.0

223.0

223.0
223.0

223.0
223.0

223.0

223.0

223.0
223.0

223.0

223.0

223.0
223.0

223.0

223.0

223.0

alpha

-2.95
-1.95

-0.95

0.03
1.04

2.06

3.08
4.11

6.12

8.04

10.11

12.09
14.05

16.01

18.07

20.03
0.07

CL

-0.1396

-0.1048

-0.0695

-0.0354
-0.0001

0.0363

0.0721
0.1074

0.1772

0.2423
0.3125

0.3772

0.4407

0.5000
0.5612

0.6194

-0.0343

CD

0.02868

0.02422

0.02098
0.01900

0.01817

0.01859
0.02020

0.02304

0.03202
0.04510

0.06418

0.08715

0.11444
0.14560

0.18295

0.22366

0.01901

CM

0.01764
0.01487

0.01227

0.00991

0.00719
0.00461

0.00191

-0.00055
-0.00583

-0.01090

-0.01685

-0.02273
-0.02885

-0.03470

-0.04094

-0.04716

0.00993

L/D

-4.87

-4.33

-3.31

-1.86
-0.01

1.95

3.57
4.66

5.54

5.37
4.87

4.33

3.85

3.43

3.07

2.77
-1.81

CN

-0.1409

-0.1055

-0.0698
-0.0354

0.0002

0.0370
0.0731

0.1088

0.1796
0.2463

0.3189

0.3871

0.4553

0.5208
0.5903

0.6585

-0.0343

CA

0.0215

0.0206
0.0198

0.0190

0.0182
0.0173

0.0163

0.0153
0.0130

0.0107

0.0083

0.0062

0.0040
0.0021

-0.0001

-0.0021
0.0191
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RUN

224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0
224.0

alpha
-3.60
-2.65
-1.59
-0.57

0.43
1.44
2.41
3.36
5.43
7.41
9.37

11.36
13.34
15.38
17.41
19.36

CL

-0.1154
-0.0845
-0.0491
-0.0160

0.0168
0.0498
0.0811
0.1125
0.1797
0.2410
0.3018
0.3626
0.4205
0.4794
0.5363
0.5902

CD

0.02451
0.02115
0.01866
0.01747
0.01743
0.01850
0.02054
0.02363
0.03371
0.04749
0.06549
0.08808
0.11457
0.14618
0.18170
0.22045

CM
0.00843
0.00631
0.00409
0.00197

-0.00024
-0.00236
-0.00452
-0.00666
-0.01138
-0.01628
-0.02106
-0.02607
-0.03120
-0.03667
-0.04216
-0.04739

L/D
-4.71
-3.99
-2.63
-0.92

0.97
2.69
3.95
4.76
5.33
5.07
4.61
4.12
3.67
3.28
2.95
2.68

CN

-0.1167
-0.0853
-0.0496
-0.0162

0.0170
0.0503
0.0819
0.1137
0.1821
0.2451
0.3085
0.3729
0.4356
0.5009
0.5661
0.6299

CA

0.0172
0.0172
0.0173
0.0173
0.0173
0.0172
0.0171
0.0170
0.0166
0.0160
0.0155
0.0149
0.0144
0.0138
0.0129
0.0124

RUN
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0
225.0

alpha
-2.97
-2.96
-2.00
-0.98

0.00
0.94
1.96
3.05
4.04
6.03

7.95

10.03
12.01

14.03

16.04

17.94

20.02
-0.04

CL

-0.1299

-0.1295
-0.0976

-0.0642

-0.0313

-0.0002

0.0339
0.0697

0.1025

0.1672

0.2287
0.2939

0.3550

0.4176

0.4758

0.5308
0.5901

-0.0319

CD

0.02829

0.02823

0.02418
0.02106

0.01913

0.01838

0.01869

0.02032

0.02293
0.03134

0.04368

0.06155
0.08306

0.10984

0.14027

0.17341

0.21451
0.01928

CM

0.01446

0.01431

0.01231

0.01005
0.00792

0.00582

O.O0357

0.00120

-0.00105
-0.00559

-0.01022

-0.01549

-0.02078
-O.02624

-0.03148

-0.03682

-0.04253

O.OO804

L/D

-4.59

-4.59
-4.04

-3.05

- 1.63

-0.01

1.82
3.43

4.47

5.33

5.23
4.77

4.27

3.80

3.39

3.06
2.75

-1.66

CN

-0.1312

-0.1307
-0.0984

-0.0645

-0.0313

0.0001

0.0346

0.0706
0.1039

0.1696

0.2325
0.3001

0.3646

0.4317

0.4960

0.5584

0,6278
-0.0320

CA

0.0215

0.0215
0.0208

0.0200

0.0191

0.0184

0.0175

0.0166
0.0156

0.0136

0.0116

0.0094
0.0074

0.0053

O.0033

0.0015

-0.0004
0.0193
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RUN

226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0
226.0

alpha
-2.98
-1.97
-0.97

0.05
1.08
2.06
3.02
4.06
6.03
8.09

10.04
12.06
14.02
16.06
0.04

CL

-0.1840
-0.1390
-0.0952
-0.0495
-0.0030

0.0401
0.0819
0.1299
0.2149
0.3062
0.3895
0.4741
0.5527
0.6320

-0.0488

CD

0.03329
0.02725
0.02287
0.01993
0.01859
0.01878
0.02027
0.02345
0.03341
0.05033
0.07216
0.10111
0.13463
0.17550
0.02001

CM

0.02688
0.02257
0.01853
0.01449
0.01017
0.00649
0.00267

-0.00143
-0.00881
-0.01686
-0.02451
-0.O3297
-0.04171
-0.05072

0.01446

L/D
-5.53
-5.10
-4.16
-2.48
-0.16

2.14
4.04
5.54
6.43
6.08
5.40
4.69
4.11
3.60

-2.44

CN

-0.1855
-0.1398
-0.0955
-0.0495
-0.0027

0.0408
0.0829
0.1312
0.2173
0.3102
0.3961
0.4848
0.5688
0.6558

-0.0488

CA

0.0237
0.0225
0.0213
0.0200
0.0186
0.0173
0.0159
0.0142
0.0106
0.0067
0.0031

-0.0002
-0.0033
-0.0062

0.0200

RUN

227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0
227.0

alpha
-3.12
-2.08
-1.11
-0.05

0.94
1.92
2.96
3.96
5.93
7.92
9.90

11.89
13.90
15.96
17.89
19.92
-0.11

CL

-0.1663
-0.1253
-0.0878
-0.0453
-0.0074

0.0322
0.0726
0.1117
0.1873
0.2631
0.3374
0.4101
0.4826
0.5539
0.6167
0.6828

-0.0484

CD

0.03235
0.02671
0.02283
0.01997
0.01868
0.01867
0.02008
0.02278
0.03162
0.04575
0.06505
0.08960
0.11986
0.15585
0.19412
0.23975
0.02016

CM

0.02185
0.01829
0.01528
0.01163
0.00852
0.00546
0.00210

-0.00103
-0.00701
-0.01319
-0.01976
-0.02685
-0.03452
-0.04203
-0.04907
-0.05631

0.01196

L/D
-5.14
-4.69
-3.85
-2.27
-0.40

1.73

3.61
4.91

5.92

5.75

5.19
4.58

4.03

3.55

3.18
2.85

-2.40

CN

-0.1679

-0.1262

-0.0882
-0.0453

-0.0071

0.0328

0.0735
0.1130

0.1895

0.2669
0.3435

0.4198

0.4973

0.5754

0.6465
0.7236

-0.0485

CA

0.0233

0.0222
0.0211

0.0199

0.0188

0.0176
0.0163

0.0150

0.0121

0.0091
0.0061

0.0032

0.0004

-0.0024

-0.0047
-0.0072

0.0201
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RUN
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0
228.0

alpha
-2.97
-1.92
-0.92

0.03
1.08
2.04
3.06
4.O9
6.10
8.08

10.06
12.06
14.08
16.04
18.04
20.06
0.04

CL

-0.1459
-0.1096
-0.0755
-0.0416
-0.0046

0.0293
0.0642
0.1005
0.1698
0.2373
0.3041
0.3714
0.4351
0.4967
0.5567
0.6160

-0.0419

CD

0.02995
0.02505
0.02163
0.01942
0.01827
0.01840
0.01975
0.02239
0.03097
0.04407
0.06186
0.08473
0.11195
0.14338
0.17939
0.22057
0.01952

CM

0.01765
0.01480
0.01211
0.00960
0.00686
0.00442
0.00157

-0.00108
-0.00624
-0.01136
-0.01678
-0.02284
-0.02903
-0.03493
-0.04077
-0.04682

0.00967

L/D
-4.87
-4.37
-3.49
-2.14
-0.25

1.59
3.25
4.49
5.48
5.39
4.92
4.38
3.89
3.46
3.10
2.79

-2.15

CN

-0.1473

-0.1104

-0.0758
-0.0415

-0.0042

0.0299

0.0652
0.1019

0.1722

0.2412

0.3102
0.3809

0.4493

0.5170

0.5849
0.6543

-0.0419

CA

0.0224

0.0214
0.0204

0.0194

0.0184

0.0174

0.0163
0.0152

0.0128

0.0103

0.0078
0.0052

0.0028

0.0005

-0.0019
-0.0041

0.0196

RUN

229.0

229.0

229.0
229.0

229.0

229.0

229.0

229.0
229.0

229.0

229.0

229.0

229.0
229.0

229.0

229.0

229.0

alpha

-2.97

-2.00

-0.98
-0.01

0.98

1.97

3.00

3.99
5.97

7.98

10.03

11.98

13.97
15.96

18.02

20.03

-0.01

CL

-0.1347
-0.1030

-0.0693
-0.0374

-0.0048

0.0290

0.0622

0.0952

0.1601
0.2247

0.2902

0.3501

0.4111
0.4702

0.5300

0.5869

-0.0370

CD

0.02957

0.02527

0.02189

0.01976
0.01872

0.01878

0.02000

0.02235

0.03033
0.04282

0.06030

0.08099

0.10659
0.13657

0.17209

0.21142

0.01984

CM

0.01400
0.01191

0.00975

0.00762
0.00530

0.00314

0.00092

-0.00126

-0.00575
-0.01043

-0.01544

-0.02048

-0.02593
-0.03109

-0.03658

-0.04202

0.00766

L/D

-4.56
-4.08

-3.17

-1.89
-0.26

1.54

3.11

4.26

5.28
5.25

4.81

4.32

3.86
3.44

3.08

2.78

-1.87

CN

-0.1361
-0.1039

-0.0697

-0.0374
-0.0045

0.0296

0.0632

0.0965

0.1624
0.2285

0.2963

0.3593

0.4247

0.4897
0.5572

0.6238

-0.0370

CA

0.0226
0.0217

0.0207

0.0197
0.0188

0.0178

0.0167

0.0157

0.0135

0.0112
0.0088

0.0066

0.0042

0.0020

-0.0003

-0.0024
0.0198
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RUN
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0
230.0

alpha
-3.04
-2.13
-1.13
-0.02

0.97
1.95
2.96
3.98
5.90
7.86
9.89

11.92
13.95
15.97
17.95
-0.08

CL
-0.1581
-0.1234
-0.0833
-0.0401
-0.0016

0.0375
0.0765
0.1164
0.1905
0.2643
0.3408
0.4165
0.4887
0.5588
0.6224

-0.0417

CD

0.03054
0.02597
0.02210
0.01951
0.01857
0.01889
0.02045
0.02331
0.03224
0.04630
0.06642
0.09233
0.12334
O.15923
0.19879
0.01965

CM

0.02185
0.01907
0.01589
0.01228
0.00911
0.00603
0.00294

-0.00039
-0.00652
-0.01276
-0.01958
-0.02711
-0.03494
-0.04243
-0.04962

0.01248

L/D
--5.18
-4.75
-3.77
-2.05
-0.09

1.98
3.74
4.99
5.91
5.71
5.13
4.51
3.96
3.51
3.13

-2.12

CN

-0.1595
-0.1243
-0.0837
-0.0401
-0.(}013

0.0381
0.0774
0.1177
0.1928
0.2682
0.3471
0.4266
0.5040
0.5810
0.6533

-0.0418

CA
0.0221
0.0214
0.0205
0.0195
0.0186
0.0176
0.0165
0.0152
0.0125
0.0097
0.0069
0.0043
0.0019

-0.0007
-0.0027

0.0196
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Appendix B

Flow Visualization Data

Appendix B presents additional flow visualization data. Tuft photographs of the uncambered wing are

presented for a = 0 °, 2°, 4°, 6°, 8°, and 12° in figures B1 B4 for M = 1.60, 1.80, 2.00, and 2.16 with 6LE ----0°
and _TE ---- --30°, --10°, 0°, and 10 °.

Oil flow and tuft photographs of the uneambered wing are presented for a = 0°, 4 °, 8°, and 12° in figures B5

and B6 for M = 1.60 and 2.16 with _LE ---- 0° and 5° and _TE ---- 0° and -30 °.
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(_=0 ° a=2 °

O_= 4 ° c_ = 6 °

(:z= 8 ° c_= 12 °

(a) ,¢I - 1.60.

Figure B1. Tuft ])h()tographs ()f un('atnb(,r(+(| wing at (_ - ()°, 2 °, 4 °, (i'D+ 8°+ and 12 > with ,_l+l+:- ()0 and

h,t,t,; - _ 30 ° '
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Or-- 0 ° 0t_-2 °

Or_-4 ° 0_-- 6 °

0t_-8 °

(b) M = 1.80.

Figure B1. Continued.

o_= 12°
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0t_-0 ° Or= 2 °

_=4 ° (I= 6 °

0t=8 °

(c) M = 2.00.

Figure B1. Continued.

o_= 12 °
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{2=0 ° {_= 2 °

_=4 ° a=6 °

0_=8 °

(d) M = 2.16.

Figure B1. Concluded.

_= 12 °
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o_= 0° cz= 2°

o_= 4° (x = 6 °

(_=8 ° c(= 12 °

(a) M : 1.60.

Figure B2. Tuft photographs of lUi('anll)orod wing at (t: = 0 °, 2°, 1°, 6°, g°. and 12_ with h],t.; : 0 ° and
&rE = 1(}°.
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Or_-0 ° Or_-2 °

0_=4 ° 0__-6 °

__-8 °

(b) M = 1.S0.

Figure B2. Continued.

_= 12°
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_= 0 ° Or=2 °

(1=4 °

(I=8 °

(c) M = 2.00.

Figure B2. Continued.

o_= 12 °
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_=0 ° 0_=2 °

0__-4 ° O[-- 6 °

_=8 °

(d) M = 2.16.

Figure B2. Concluded.

o_= 12°
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0_=0 ° 0f_-2 °

0t=4 ° 0t= 6 °

0_=8 °

(a) :tl = 1.60.

Figure B3. Tuft photographs of uncanibered wing at ct = 0 °, 2 ° , 4 °.

bTl,: = 0 °.

o_= 12°

6 ° , 8 °, and 12 ° witli bLt.; = 0 ° and
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0t= 0 ° 0_=2 °

0t=4 ° 0t= 6 °

Or=8 °

(b) kf = 1.80.

Figure B3. Continued.

a= 12 °
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CX= 0 ° __-2 °

0_=4 ° 0_=6 °

0__-8 °

(c) M = 2.00.

Figure B3. Continued.

a= 12 °
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0_= 0 ° (1_-2 °

_=4 ° 0_= 6 °

0_=8 °

(d) AI = 2.16.

Figure B3. Concluded.

(x= 12 °
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C_= 0° C_= 2°

c_= 4 ° o. = 6 °

et = 8 ° ot = 12°

(a) M = ].60.

Figure B4. Tuft photographs of uncambered wing at (_ = 0 °, 2 °, 4 °, 6 °, 8 ° , and 12° with hi.t,: = 0 ° and

b,l,E _-- 10°.
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R=0 ° Or=2 °

0__-4 ° a= 6 °

Or=8 °

(b) Af = 1.80.

Figure B4. Continued.

o_= 12 °

94



0t= 0 ° (1=2 °

(I=4 ° Or=6 °

(1_-8 °

(c) M = 2.00.

Figure B4. Continued.

a= 12°
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(I.=0 ° (X=2 °

0_= 4 ° (I,--6 °

Or=8 °

(d) M = 2.16.

Figure B4. Concluded.

oc= 12°
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o_= 0° (x = 4 °

a. = 8 ° a. = 12°

(a) :tl = 1.60.

Figure B5. Oil flow and tuft photographs of uncambered wing at a = 0°, 4 °, 8°, and 12 ° for _5I.E = 5 ° and

6T E ()o.
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0t=0 ° Or=4 °

Or=8 °

(b) M = 2.16.

Figure B5. Concluded.

a= 12 °
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= 0° _ =4°

a = 8 ° e_= 12 °

(,_) _ = 1.60.

Figure B6. Oil flow and tuft photographs of mmambcred wing at (_ = 0 °, 4°, 8 °. and 12 ° fin" _I.t,'_ = ()o and

_TE = --30°.
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Photograph
not

available

0_=0 ° 0[_-.4 °

_=8 °

(b) M = 2.16.

Figure B6. Concluded.

a= 12°
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